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I  il  T  R  0  D  U  0  T  I  0  JI  . 

The    observations    offered   in    tliis    paper   wore    bogun    in 
the  Tlarine   Laboratory"  of    the   Johns  Hopkins   University    ,at 
Beauf  ort  iHor  th    Carolina,  in    t)ie    summer    of    18^5 , 

The    two    species    of  Alpheus    common    to    the    southern 
At  lanti  c  coast ,  (A,  heteroche  li  s    and  A,  minus ),  rrt  e   very  abundant    at 
this    point, and    their    eggs    easily   obtained, but    the   hardening 
reagents    then   used,  (Percn«i ' s f lui d   and    corrosive    sublimate), 
proved   to   be    quite    inadequate    to    the    purpose, and    it   was    not 
until    the   next, and    following    sea s on s  (1886&-7  ), whi le    enjoying    the 
advantages    of   the  Marine    Station    at    the   Bahama   Islmdsjthat    I 
wasabic      to   make    a    complete    and    satitfactory   study   of    the    life 
history   of    this  animal. 

Out    of    the    dozen    or    more    species    of  Alpheus    comiiion    to 
the    coral    reefs    and    shores    about  Nassau, New  Provi dence, two   were 
soloctod  which    offered   most    advantages    for    study, namely   , 
.'.Ipheus    praecox   sp,n,  (provisionally  named)''nd     i^other    species 
probably   also   new, both   of  which   will    bfe  figured   and    described 
inanother   work,      The    former    loads    a    semi-parasitic    life    in    cer- 
tain   sponges,    It    has    a   nearly    comletoly  abbreviated   motamorphosi 
and    consequently    large    oggsjwhich   are    favorr^ble    for    embryologica 
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ork. 


1. 


The    second    specie?    livof'    in    the      and    under    looRe    stonef 
in      hallow  water    ,and   hat  dies  j     like    most    of    thia    genu',  as    an 
ordinary   Zoea.Its    eggs    are    invariably    light    olive    green    in 
color.    They  are    at    first    spheri  ca  1,  and   men  suroabout  1/^Qof   an 
inch    in    diameter.    Though    small    ,    the    ova    of   tKfsAlphous    are 
qui te   numerous,  s 0    that    it    is    pos    iblejby   keeping    the    animals 
alive    ,to    obtain    a    pretty    complete    scri-^s    of  hardenedombryos 
from   the    same    individuali 

The    eggs    of  A.praecox  :\xe    usually   ov;  1    or    oblong  when 
laid, and    vary   somewhat    in    size    and    shape, and   grortly   in    color. 
The    average    of    the    long   and   short    diameters    i  s .  a-ipr  oximately 

l/no    inch.    The    color   may   be    bright   green,  ye  1  low,  brownie  t  c,    in 
individuals    from  the    same    sponge. (On    these    color    variations    sen 
Uni  V.  Ci  r  cularNo,  63,  )_   A   full    account    of    the   h4-^8^&^   of    these 
animals    is    reserved    for   another    place.    Some   notes    on    the 
metamorphosis    , habits    and   development    in    the    egg    ,of    this    and 
other  Alphei    have    already   been  gi ven, (Uni v. Oi r cular .No, s54, 63^ 

As    the    development    of  Alpheus    has    not    been    previously 
f?  tudi  ed,  except    as    regards    the   metamorphosis    of    the   Beaufort 
species, thero    is    scarcely  any  work   of    others    to    refer    to    , 
which    bears    directly   upon    our    subject. 


The  litoratui'O  of  Arthropod  embryol  ogyi  s  ^howeve^^  very  groat 
indeed  ,ani1  recently  , during  the  progress  of  thi;:  work, several 
important  papers  have  appeared  on  crustacem  dove  1 opmen t ■ Thes o 
will  bo  rofcrrod  to  in  another  section, 

Packard  (9)seems  to  be  the  first  to  notice  the  shorten- 
ed metamorphosis  of  Alpheuc  het  or  ochel  i  s ,  but  hif!  description 
of  the  animal  when  it  is  about  to  hatchis  inaccurate  and  incom- 
plete .  In  some  notes  published  in  the  American  Naturalist  in 
1881, he  states  that  both  t!us  and  the  small  green  AlpheusCAi 
minus. )occur  abundantly  at  Key  Wes t ,F1 or i da^ i n  the  excurrent 
orifices  of  large  sponges, at  a  depth  of  1  to  2   eet  or  more  of 
water.  This  fact  is  interesting  ,and5as  we  have  already  pointed 
out  the  abbreviat.ed  dev'.  lopment  ofAlpheus  is  correlated  with  a 
so  mi -parasitic  mode  of  life. 

The  metamorphos  ■' s  of  the  Beaufort  Alphei  was  then  care- 
fully studied  by  Br ooks ,  (lO)and  a  short  abstract  of  his  re^ultn 
wa"  published  in  1882.  So  far  as  I  can  le^rn  ,this  is  all  that 
has  been  previously  done  in  the  embryology  of  this  form. 


METHODS  OF  WORK. 
Several    prawns ,asStenopus    and  Pon tOM i a, repeatedly    laid 
eggs    ttat   were    fertilized    in    aquaria, nnd   no    doubt    I    should    have 
succeeded    (.qually  wc  1  i    with   Alphous,if    suf"icie  't    pains    had 
been    taken, As    it   wn  s    jonly    two    or    three    individuals    gratified 
me    in    th'S    respect, but    in    each    case    the    eggs    failed    to    develop. 
Female    prawns   were    therefore    taken, with   eggs    in    very   early   stage 
of    de  ve  1  opmen  t ,  and    kept    under    observation    in   an    aqur  r  i  um,  f  o  r 
the    length    of    time    required,    The    ova   were    carefully   removed    fron 
the    pleopods,and  Hari^eneT    nt    intervals    of    from  one    to    several 
hours , a c    or  ding    to    the    age    of    the    embryo.    By   obtaining    a    number 
of    series    in    this    manner    ,  the   whole    life    history    could    be    traced 
in      derail, 

The    breeding    season    of  Alpheus    begins    at    Beaufort, 
N,  0,  , about   April    Isti      It    covered    the    period    Sf   our    stay      at 
Nas  ST  u,  (M.T  r  ch    to    July)and    prob-ioly   begr^n    e    rlier    and    lasted 
later    ,    There,     the    temperature    is    high   and    very    co  '  s  tant  (70°.  Fah, 
in   March, 80°    in   June)    ,and    consequently    the    first      phases    are 
parsed    rapidly,    It    therefore    rarely  happened    that,  "    pr-^wn    v^- s 
taken   wit!     eggs    in    an    earlier    stage    than    th't    of   yolk   segmentation, 
Experio'ice    in   using   Peronwi's    fluid    for    hardening      the 
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er.'-s    lod    mo    to    dif^canl    this    reagent    a  1 1  or^e  thor,  and    to    substitute 
Kleinonberfj '  R    Pi  or  o- su  Iphuri  c    aoidiiuade    upeithor   with  water    or 
v7oak   al  cohol  (30%).    The    latter   work;j    equally  well    r^nd    oconomizes 
time.      Perenvi's    fluid    sermp,    too   violent      and   uneven    in      its 
a oti on, serving    fairly  well    in    some    casoR,but    generally   swelling 
out    the    chorion, and    distorting    the    embryo    '^y   toi    rapid    endosmoRij, 
If    the    Qgg"    arc    transferred    directly    from  alcohol    to   alcoholir 
pi cr o-sulphur i r   a    id, they  usually   retain    their   normal      shape, 
nnd    c   n    then    be    plaoed    in    aloohol    of    a    higher   grade, for    perman- 
ent   preservation,       If   however    they  arc    carried    from  the    harden- 
ing   fluid    to  weak  al  cohol ,  di  s  tor  ti  on    is    Rure    to    en^suei 

Prep^arati  ons    of   the    entire    embryo    as   well    as    section'^ 
were   made    ,but    very    little   was    attempted  with    the    living    egr, 
For    sur  fa  cepr  ep^^r '  t  i  ons    the   hardened    ova   were    first    punctured 
to   allow      the    fluids    to    penetrate    the    chorion   more    rapidly, and 
then    stained    entire,  in   Kloi  n^nbe  rg's   haemot  o  xylon.        They  were 
afte-.-w"rds    f^  helled    ,wh'3re    thi^    ^as    po'    ible;    a  tun  ted   witfi 
paraffin    by   the    turpentine-paraffin    method, and    carefully   orionterl 
in    the    block, with    a    hand    lens.    Thif;    la.'^t    important    proce.'^'    wa-^ 
ro'idered    easy   by   the    difForontial    propei'ty   of    the    stain, which 
aft'ectsonly   the    embryonic      col    s, and    leaves    the    yolk, 


(    in    presorvod    fggn    of    a    lif^lit    s  t  raw-co  1  o  r  ) »  una  1 1  or  od, 
The    oinbryo   wag    then    cut    awi  y    from   the    og?^   by   the    LaicrotonG 
razor  I  at  t?.  ched   to    the    slide    and   mounted    i'l    balsin.  All    the 

drawings    of    surface    views    wgro    made    frora  objects,  thu^    prepi  ''d, 
In    general    ,  hn  emot  oxyl-m    is    the    bo^t   neucloar^s  taining 
fluid, and    it    is    e?:pecial!y  u:?eful    in    ther^o    casc'i,whoro    tho    mas-^- 
ivo    yolk   contains   numerou.^    "lement",the    r'>lati(lns    of  which    it    in 
important    to    de' ermine.    Tho    carmines    are    also    ,'^  ervi  ooablo      but 
of    les      value.  So  da    cirmine    (Bec^ari's    f  ormula  )pr  ove  d    to    be      in- 
capable   of   removing   pigment    from  the    eyes    , although    it    is    f.peci- 
ally   rooomiiended    for    this    purport  e  iPeronyi '  "    fluid    i"      ometime" 
availible    for    swelling   out    the    chorion, and    thus    aiding    ^■'^    i  ^  ^ 
removal, when    this    i '^    de-irablo    ,nlthough    the    embryo    is    liable    to 
injury,  It    is    also   helpful    in    -studying    the    egr  with    low   power.''. 
The    food   yolk  ^hi  c1i    i  ■-    often    dark  green, is    affected    1.  ss^a  ot  i  vc  ly 
by   thi-    reagent    than    the    embryonic    ti ".  sue ,  whi  lo    the    latter    is 
turnodto    a   waxen   whitenessand    is    thu^   well    diffor'^ntlatcd    . 
More    tardily    the    yolk   is    acted    on, and    becomes    pink, and    fi'ially 
light    ye  1 1 ow, af terprescrva t i on    in    alcohol. 

The    original    plan    of    mnkiitg    observations    upon    rovci:i1    'jihor 
r  epr  OS ':'n  ta  t  i  ves    of   the    Crustacea    for    comparison   with    tie    more 


detailefl    ilosoription    of     Alpheus ,  has  ,  as    yo^,bG<n    only   pi,  rtiilly 
out.    The    early   sti.gos    of   Stonopur:    and  Pont'"''>ia    domes  ti  ca,  both 
obtained    at   NasR^UJhave   however    been    f  ol  1  owed  j  and   r>  1  s  o    1  e    '^ 
complete  ly,  thoR  e    of  Hip  pa    talpoides    and  Pa  l'^  emonet  gs    vulgariRi 


PAET  FIRST. 

DEYELOPMCNT  OF  "BE     ElfflRY'"       AS  A  MOLE . 

I 

ORIG'N  OF  OVAEIM  EGGS   IN     :\LPHEUS, 

Theo varies    of  AlpheuR    praecox  .aro 
pMrcd    cylindrical    bocli  e  s ,  lyi  ng    close    together    botwo'-n    fh^^ 
alimentary   tract    and    dorsal    surface    of    the    body, They   extend    from 
ju;5t    behind    the    eyes    to    the    end    of    the    3rd    or    4th   abdominal 
soiaitOj    and    owin      to    the    transparency   of    the    skin    of    thii?    -peciG 
arc    cxtrom'ly    conspi  ouou':; ,  gi  ving   to    the    female    an    intense    greon 
or    yellow  hue,ac   ording   to    the    color    "^  f   the    e;":g,  Tho  '  ovi  ducts 
open    in    the   usnfil   way   by   -^    slit- like    ■  a  Ivo  j  s  i  tua  ted  '  on    +he 
basal    joint    of    the  'Srd      per^iopod, 

A  transverse    section    of    the   adult    ovary   of    this    specie 
i         h  own    by  Fig,  11,    It    pa?"e      throu^^^i    t'o    finracir'.    v  nr-i  nn  ,  r  1  ot  e 
to    the   abdomen, These    dov    loping    ova    are    betwen    2ar)d    3   days    old, 
that    is    thiT    interval    his    elapsed    nice    '.ho    ogg'^   now  attached    to 
the    abdomen   wf'r'^    laid, as    ?!hown    by   the    itato    of   growth   of    the    lat- 
teii      The    ovaries    are    ripe    by   tho    timo    the    young   aro    ready   to 
leave    the      g,^,    ^nd    the   new   ova    -^  re    1    id    t    fow  hours    --ftor    the 
hatching    of   the    zoea    broid, 


The   walls    (Fi g.  11.  O.W,  )o f    tho    ovarinn    tubes 
n,re    thin    sh"    t-    of    con"  " -"  M  ■'^-^    t  i  "  'Uo ,  whi  i  h    unito    or    moot    on 
the    middle    line    bf^twr    n    tho    aliuontary    on,n    1  (Al,  0,  ) ,    ndthe    dor- 
sal   bloodves  Re  1  (D.  A,  )Tho    follioier'    lie    loorely  within    thoTe, 
T1io    -pa  CO '^  (B,  S.  ) ,  (po  rhn, 'i-^    frrcrtor    t.h^n    i 'i     lifo),nrr     fi  ]    nd   with 
blo^djora    congulable   porivisoeral    fluid, which   also    bathes    tho 
ovi.riTn    snoSiIn    thi".j  blood    corpir'cle    (B,  0,  )   are    uTin-lly    foimd. 
The    internal    epi  theliumCF,  E,  )    of   the    ovary,  (the    relations    of  whibh 
to    t'le   walls    may   be    somewhat    changed    by  tho    'lardcni^ig    fluid), 
is    composed    of    large    cells,    tho    boundaries?    of  which    are    probably 
distinct    in    life, with    oval    neucleii    The    egg   originates    from  tho-^' 
c: 1 1 n , who thor    fron  the   whole    cell    or    from  the    neuolous    alone, is 
not    "■  0    clear, as    in    tho      n-o    '^  f    tho    l"b"  +  er     ■ '"^   i    ^ '-^    ^>e    mentioned, 

The    ova    begin    the'r    development    in    the    lower   Dedian 
side(Gcr.)of    each    ovarian    sicjbu     after    the    eggs    then    filling    th( 
ovary   are    1    id,  this    germ  area    or    go  i' nor- en    p    s    e'    upward    to    the 
po  :  i  ti  on  (Ger,  )shown    in    the    figure,    This    portion    i  .n      urvounded    by 
a    thin    cap3ule(E,E' ,  )o  f    coniiectivc    tin    uc,  or    follicular    epi  tho  1  i  iii]|i, 
consi-ting   of    fibres    and    flattened    "nuclei,    The    youngest    ogrrs 
(o)h're      hown,  coil  i  •  t    ':  f   a   germinal    ves  i  cl  o ,  whi  ch      orrenpond- 
to      Oie    'lucleu".    of    the    follicle    roll,  and    of   a   gr   nul    r  yolk- body 


ilerivoii    oitiior    from  tho    ooli    pr  ot  opl  asm,  or    dovolopod    '^  ■>  "^ 

\j     about    the   nucleus,  Betwr"''n      n   and      o'    jvirious    '^tagon    oc.ur, 
The    nucleu:^  (G,  V,  )whi    h    i  p    filled  with    ohroraatin   grainsjat    fir-^t 
grov,^i    ujuie    rapidly   than    the   yolk   body  (Y,  ),  butt  he    latter    soon 
gains    tho   as  condon  oy.      Howev(^r    in   the    ovum  .e*tl  in  chin^di  am,  ) 

the    germinal    vesicle    is    relatively  very    largo, its    diameter 
b'^  i  nfrone-hal  f    ♦ ' '' ^    '^^    t^i""    ntifi^o    nrrg,    The    chromatin    bodies 
^f^raduilly  increase    in    size, until    in   an    eog    like    thn    last, there 
arc    6    ormore    large    gorminal    dots,  bes  1  de  :■   numerou      granules, 
Tho    fold    yolk  at    this     'tage    i^    quite    homogeneou" , but    nay    contain 
vacuoles  (Va  c,  )   The    oldest    eggs    (e'    and   e^    "re    ■spherical    md      re 
surrounde'     by    >.    delicate    membrane,  thn    future    chorion  (Oh,  )    ,  or 
Qgr,    shell, which    is    a    chitenous    ;  tru^ture  ,  ^e  nretcd  (by  the    coll", 
of   the    follicular    flnvolope    , 

I"    the    ripe    ovary   of    thi-3   Alpheu"    the    maturo   oggSjVit^'''' ■■'■'■  ^n 
(  Vit,     )    fill    the   whole    sa c, oxcopting    the    lower   median   portion 
(  Ger.     ), where    as    alroidy   stated, tho   young   eggs    appear, 

S  n  rjQ      OtO      10     fi."""'R      1,  T^fl      p.ll  t      in      l      T  n  i^t  i  nri      rf     q.  ti       'yor      rro      ,1'        •  i   1  n      1  '  r. 

They     ^re    clos'^Iy    nrowded,and    consequently  very   ir-ogula  ip 

ind    their    bulk     greatly    distend.^    the    bo  iyof    the    prawn,  vho 

chor  1  on  ,whi  ch    is   noxr    fully   formed,  ^un  cti  primary   errrr    mo 


nd    is    the    only   m9!ibrn.ne    i,round   the    o|^r^,nor    is    ther''    any   npaoo 
b    tv.-     n    it    and   the    vitollns,      The    food   yolk   in    oompniied    af 

rih'-"  rul  *"    (  ally    fu.3od    togothor    in   proparati  ons  )n,ncl      IioitmI"!    i  i 

va  cuoles ,  whi  ch    likely   enoufjh,  ronres  ent    oily    got;;  t  i  tuentniolnble 
in    alcohol    and   turpentine,    The    ripo    ogg    is   without    a    visible 
'inr.lo    -nr    f^erminal    ven  p,i  -1  o ,  hnt    thin    i^    ro^on    truf^ted   after    fho 
ova   are    1    id, even    if    fertilization    does    not    enr;ue, 

HOMi'ifiirS  MIERIOAimS. 
The    lobster'^    ovaries    are    two    solid   rod;    of    ti      ue? 
united  anteriorly   by  a    transverse    bar.    They  h-^ve    the      appear   nco 
of     n    along    ted    lot    or     H,  "nd    -re   usu',l]ydrk   olive   greon. 
Figure    6   is    a    drawing   of^the    inner    portion    cf   a    section  through 
the   posterior    end    of   a    lobe    of    the    ovary?  taken    frotn  a    lobster    in 
Janui  ry,  ".nd  fig,    3   ,  shows    the    central    '>  ^-e    (Ger,  Fig,  6,  )o  f   a    simil- 
ar   section   under    a   higher    powoHi    The    diameter  of    the    entire 
socti'E    isone-fourth    ofan   inch, or    about    'wioe    that    of    the   part 
represented    in   Fig,  3,    The    "■orrao'ren    (Gor.  )whi  ch    is    the    centm    of 
dispersion    of   "ew   ova, lies    in    the    long   axi^of    the    lobe, lur rounded 
by   ogrr  :    in    various     :tage3    of   maturity.    .We    can    therefore    [:■-'.  co 
in   a    single    good    section    at    this    stage, the    cvolutionof    t!ie    egg 
from  the    indifferent   nucleus    of    the    follicular    epi the  1 i urn, through 


(  The    oggs    of      the    oldest    or   peripheral    tier   arc   packed   in    ra.lial 
o.doi-jso    that    the    long  axis    of   eaoh   if?    ;ier^>ondi  lular    to    the      ov- 
arian wn  1 1,  ) 


Gvory    phase,  to    iho    largo  ,  nearly  ri  po    ,  iio  r  i  ^ihfi  ral  ova, 

In    this     form,  the    Qg'"    i"    ionoondoil    frninthn    i  n  ili  f  f  o  r -"n  t    in  n  ]  o  1 
(Fi  g,  3,  I«E,  )o  f   tliG    conneotivG    ti  ssue  n  t  roina    (Ot,  S,  Fi  g;,  3,  ), 
The    ovary   i^      '    M       '^iiplied  wHh    blood, being   penothatod   in   all 
it';    par  t  s ,  by'ilo  od    'jinu   e    (Bl.S.Fig   ,3      6,     ), which   are   much   luore 
definite    channels    than   the    blood    spaces   noticed    in  Alpheu:^ ,  and 
M'e    bounded   by    chitenous   wa  1  Is  (Oh.W,  )o  f    conf^i  derabl  e    thicknr^ 
in    certain    pa'ts.    Within    these    chan'iels,ma-!    :?      of   blood    oorpu    cl 
(B,  Oi  )and    oo"'.gul    ted   pF'sm'i,    '.re    evorywhoro    m"t   with, 
T1.0    blood    c^l       fFig.  3.B.  0. 'Jompare   also   Figs,  11.       19.)    i  di    - 

tuingui  'hed    from  other    cell •    of    the    body   by   it'    hi    tological 
char"  i^te  rs  ■    It   has    a    clear   hyline    body   of    irregular    form,  and 
de    ply   stained  nucl  Some    of    theri':^    corpuscle      may    find    t];oir 

way    to    the    ovarian    tis    ue    (Fig,  ^B,  G:     )but    this    i -:;   not    comiMon, 

The    rjtroma    (I'ig,  3,  Ot.  S.  )o  f    the    ovary      is    a    syncytium  of 
fibre-:    and   nuclei.    The    ordinary   indif'erent   nucleus  (Fig,  3,  I,  E,  ) 
i -;    an    oval   gr-^nular    body,    Some    of    these(    o,  )surroundfcfil    the    devol 
oping    e^^g    ,anrt    ^dt'o  the    pocket     .r    ueubrane    of   the    ag^    follicle, 
Others    arc    directly      oonvertod    into    ova, The   various    step"    in 
tlii-    proce-      are    illustrated    in   Fig,  8, These   nuclei  (o' ,  oV  )' we  1 J 
on  t ,  f^radua  1  1  y    beconii^r^    Tnbnriml,  md       ro    di -^  f  i  Tirn  '    Imi"    liy    f'i.^ 


chariotoii"  piiearin-c      of    thoir    ■liromn.tin, 

This    '       " '"  +  rl  i  f    n  •  e    but    i  '    n.  rr""rn'~i  tori    into    oon,  r^e    rri,  im. 

"^he    nuole    T    booome^    the    f^orminal    vo^lclo    of    tho    ovura,n.nrl 
icqiiires    definite    characters.         It      develop"    an    outer   gri.niil 
zoneCi'  ,  ^,       ,-   )  which      is    the    rudimenta    _    _     lk,n,nd    't   -^bout    the 
si,me    time   nn   extcrni.l    fibrous    layer    ippe^rSjtho    firit    trace    of 
'he      ol.icu.ar    -oi-t.  (F.O.)   In   m\    older    eg'^    (    o.  )    "1'    those 
-tructurcj   are  .present    jand   the   nucleus    or  "germinal    vosiolo", 
V7l  th    its    -single    germinal    dot      has    the    typical    appe^r^noei 
(Oomp   re    this    egg  with      o')i    It    is   not    unlikely   that    Hir-';,-    young 
O'-'-    po'en      the   power    of   independf^nt    motion,    Amoeboid  mo 
have    bo:'!!   o'^^erYed    in    the    irijature    ova    of    several    Crustacea, 
\t    "Tiy    r^tc    "  <^    fjoon    '  "^    d  f  vf' 1  opn^nt    corTionc^i    thn    ^e;.'^"    bo""in    to 
pi.         "lutward.  in    the    sheets    of    "tromaj  between    tho    blood    sinu-^e-. 
Distiuu.      pheruio      are    soon    formed   in    the    granular    yolk(    ■'    "      , 
the   germinal    vesicle    attains    it';    raaxirjuj  size    ,  and    the    i\gg      co?- 
tinues    to   grf^w  by  accession    t'"'    the   vitellus.    The    vosiolo   hn 
di  "tinot    mc  '"^  ■"  "^ "  ,i  ^    f  Ti  .i   itto  ■)■;    r,  p    fiin      tii-i/^],    r.    ■)    n    (j    lie"    "*    tv,n 

oontrfi    of    the    Qgf^,    It    contains    ■^tellate    masso"^    of    ohroi  n,t  in,  n^d 

"i?igl6    large    refractive    dot, which   always    takes    an    exoontri 
ri  n  "  i  t '  :Ti ,  A    f  ow   1  a  r  ge    y "^  1  '  ,-  n  1 "  I  v    !  n 


f\o      VOll'K"-      0 


ithn    nvi    OiO,(Fi"".6.'),thovoiir. 


by   a    brond    zo'ipof   :=!nn,  11    ^nrl   quite    nniforra  yolk    corpus  cl  en,  (t  hi 

body    'I    elf      oiueti-  ''^'^S    i^    ^    olenror  )»    nd    by      "    oui'  ; 

"1      of    l"r/ror    splior"^.      Tho    chorion    (Fir^.  6   Oh.)    i      pre    ont,a' 

in  Alpheu^,    It    i'    a    delicate    mrLubrnno,     lyinf^    betwo'^n    the    yolk 

""'  N.yor    of    follicle    '""''    "    (Fijj,  6,r,  0    ),of  which    it    ^"  ■• 

irroduQt. 

PALimmUS     Il^TEEEUPT'J" 

'he    ovaries    of    *-/'^  "      ■  ii -y    ■:  ok    1  'i  b  ;  t  e  r    .  e  :  e mb  1  -    i k -j    i     )  f 

Hornarn^,    The    outer   wall    is    quite    thick,  and    f^end-   within    trab'ce- 

uTe    or    sheets    of    ti  ^ 'ue ,  whi  ch    thu^    partially   divide    the    lobe 

1  H  t  n  -     rini-'l     :nn      "  ,      "^linvo      ^         n,  1  3  Q     in     tho       'pGci '"'''"         +  ii  <1  i'   -.  .'' j  i  n 

r:       f   growth   and   dispersal    of   egf^s,in    each    divinion    of   the 
ovary,    injitead   of   a    single    lateral    gorm0;":en    "s    in  Alpheu  r 

inr^le    axialone,T.'5    in    the    coraraon    I'^b'ter,    The    ova      virimto    -■  s.- 
ictly   '^  .'^    in  Homaru.'?,    The    oldest    egg  "are    onvelopod   in    '' 
■•hori_  e    foud    y.'lk      :ip-e    r:i    ne'ily      houjge:iO)u  '^i^ely 

granul  tions,    The^  not    in    thi-    ca^e  'gle 

'germinal    dot, but    several    of    these    bodie:    ,a.i    in  Alpheu    . 
'^^'  '^   numb  '^  f    '^  ^  1  1  1  fi    1  TT   +  ii  1       '.  71  ',.■.!     '       T. ,->  ,.  TT   I-,-    n 


(pro'ia'  ly  hundreds    of    th 


0    ova 


color    ■  f    the 


AtN-^  s  :i,u,N,  F 


•  rifjht    ovi.nrjo. 

ofjin'"    to    ;  pawn    i 'i    Ju-ie. 
OOMPMISOn. 


I-'hi    Kav;'^    (15,)li-s    deTcribed   v  ry    fully   tho    OTarie".    and    ovi- 
r  ■■        ■       ■) f    the    prawn  Atyephyra    oompre'^    ■• ,      He    concludes    that 
tho    ovriii!      ■  r  1  (r- Ti  n  f  p  c:    f  v  "  m  the    iii'ifr    1 1 'I  i  1 ."'    n^    tho    ovi.  vy   ,    ^nd 
is    ail    .he    bef^inni'ig  a    cell    with  a   nucleus, and    0'ie^two,or    rarely 
hrec    nuolooli",    The    maturo  has    two   ne  'branes,one    of  whi  o' 

'       fhio    to     "    the    hardeninf^    of    the    p'^rinhoral  'Otoplasa  of    the 

.":■'':    ",    while    tho    ot'i'r    (chorion)    '         o  ere  tod    by   tho      pitholi  a] 
^.    '         of    tho    oviduct}    and  '  ^    >        '  -^s    aj-o    1 '■"'', 

Tho   nucleus    of   tho      ripe  ■'       bio, 

It    "oom     that    there    may  b  >  ko    hero    in    rorjard    to    the 

"vio-'n    of    the  •■■^ -a  es  J  un  1"?  -       th:i  an    u'ra-.:al     C'.  to. 

The    ofrr    ^holl    or    chorion    in    decapodi    -ippe-rs    to    be    loorot    ' 
"I'flu    lly    r'ujin.^    the   f'rowth   of    t"  ■      '    '  in    the    ovary, 

For     t  h  i  "     •:-  0  0  "  Tn     ,  t  h  o     o^i  r  r  i     ^i     r^,  y    li  n  vg     -■     ^  t  r  ■■  t  i  f  '  o  rl     o  n  i ,  -     v     n  p.  c^ 

in    section.!,    aii d    split    i m  1.  o    layers, 

"^ho    lar.fye   ,f^l   ndui    r    cc  i  1 3      found   i  m    the    oviduct^    of  Aiyephyra 
ob^bly    secroto    tho    viscid    f lu' ^1 ,  by  wh^  "-r-"-    arc 

;  0  '71  mao  r  0  t  n  , 


'I  yo  r    Cf>i  )i '.  u'j    - 


unci   i'l    tho    ovariiTi    efj 
Dan  tockei    von   Pagmii 

\   >•         '-'         Vi  mi  t   Pro 


Korn    ■     '        1"^.  l-.fjrper  oho'i, ,    Sp^'i'ter    findet    ei'i^  Ei  i  lafjcru'T^      voi 

•  i^M  i  oh  "wi  rcl   der   Korn   nnsi  ohtbar  ;  J'  tell'    I'airi    oinr>    Cyto'' 

7 M- .        3a s    fertige    i    vorliVs^t    don  Leib   Uo  ,   iir'"  ohnd  iiirn 

n  .-v    ^ffl  lo     -■•:■■  ■-'h  ^'i.    ", 

Thi      de    cription   amwor';  vory  well    for   Alpheu'^ »  e  xc:'pting 

'.lie    nunb         ' '"   lucle  o  ii  jwlii  r;u  varie'3   W'Xii   d;i-er'"ni   gen '^rai 

The    ri['  of  Agtacu^^  jverod   by   a    ■^I'n.'^le    f^nv^  1  o't)"  ? 

tho    origin    of  wli '  em'^    to  be   undet'Tmined,    Aooordi^- 

7   th^-   folli  uxliy   (8.  ), 

fornod      b'^!w.    n    th'^    yolk  ■^" 
bur  :t,  and    the    ovi.      tlss    thrc u  '^ry   i^  (^ 
^:y      ir                      '    'iy  a  Ti  s  oou  :  j  t ran :ip 


mo  r  0 1 ; 

The    o-,-- 
"duo:, 

nd    t' 


whi 


•^r''t",of   t'> 


cu 


'    I  •-  LI. 


•     1  0  ,  a  ^    :  n    o  t  li  o  r    T  o  r  w  ■■ , 

K'lnr,    ley    (25,  .  f   the    O' 

that    tUo    freshly    bid    Of 


•.-,   1  ,1        l-\yT      -1 


hrir'p   Ornn.fi;oiv  , 

'•ht  ly    ''rom   the    later 

^  ^     t  ]l  '  ''     ^'  t  rii  n  *  11  T'  n  I  '1 


'invl  ope  ,  in- i  de    of  which   I   ]iave    found  trn,cer    of   an    i 

vi  tell 'no    rjvjbrane,  nor    is    the|H^    any    :3pn,oe    betw    n    thn    fjhiill      anc 

the    yo  jk  "    I  Lurlnri?!'^    )Tfi>i  .i  vn.  1    ■■■  t'^  t  nn-n  '      h^.t    "\o    ".t'~'-oc11^ 

of   -x  1  i     'rthropod  e    surrounded    by    '    vitelline    mmjl^rano 

(,  Do^    orhaut)      '       nroduct    of    the    eg;;    ic^ei  ..  >  _       -    -,,,  _ 

'-'in'!,      At    the    time   when    thii    exhaustive    paper   was   written    , 

ovtlj   T'M'.y    li';    lo   work   had   been   done    o"^.    the      ovigenesi'^    of 
Ijcapj'l    or-;  Lll''\.'!^"    th""     ^-p'^^  nc-i:     v 

:■/   egfT   -E^!  .      Die    primfi'ren     Eihttl  len    do 

Gl  t  terhaut  jwozu   bei    ■'  '^ 


,^,.   1_ 


rhaut , 


■  d ,  un 


Jko  r  i  on  , '76  1  choT    vo'  i  i  i  ke  lepi  thzo  1  ^ '^n   fjo  i  i  n  f ,.  j- 1    vr' 


'■|  ■;      r;iaiu    u?i  a    Ji.o  r  i 


n    t  h  '^  1  z "■  ]  '  ••' 'I ,  r  1 1 1  oh 'T   Ab  ':un  f  t 
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-'-t-fH)    th'" 


y     by 


Oh'  1  op'""la, 
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.. ,.  N    r 


'we 


f    e  n  1  t  ]i  e  1  ^ 


In  np 


gonen,  1 ,  ' 
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two  r  k 


o\v^'    by  ^  i/j,  14, 


'nzy,  f^ 


.  12.     IS 


K     •'     p r (  ,1 11 , ■  I    of    t^ic    first    iiunleu;;    Las    developed   a    svari'i  of 

spores  (u.  r,  Fig   .  12.     13.)  which   arise    by   endogonouf;    cell    divi    ioi 

in  whole    or    in    part.    Tour    cf    these    spore    -warms    :iro    out    in    one 

of   the    sections    (Fig.     12,     ),and   a    single    one    i :-      ocn   highly   magj- 

nified    in   Fig,  13,    They    form  hollow   sphere?^  ,whi  oh    ar  esu'pended    in 

clear    're    p    of    pi    sra.,    The    yolk  segment,;      upcrficialiy   ibout    th(i 

spore-ma.? ',  ju- t    ■^.s    it    does    about    a    single   nucleix-;    to    form  a 

pyramid    in    the    centrole ci thai    egg.    This    is   well    ihown    in    some 

"ection%      "The      cgmontation    is    ,however>not    regular.    In    one    cas( 

thi-r'^   woro    two    lajge    segments,  near  ly   dividing    the    egf    in    two, 

besides    'cviral    smaller    on^s,    Each   part    contains    one    or    vk'vq 

nuclear    bodies, which    consi'it    either    of    '^porev,    or    of   a   peculiar 

reticulated  mass    of    chromatin,    Clear    are    s    iny      Iso    ocur   withoi 

s  p '  res. 

About    8    s'pcre-mas    e     wero    pr''    '^nt    in    the    eger    from  whicl 

Fig,  12,    was    taken,    Their    char-ioter    is    best    "ocn    in   Fig,  13, 
The    protoplasmic   area    is    pretty   -harply   defined,      Tho    spore- 
vary   in    sizefrom  ;efringent    particles, to    bodies    of    ordinary 
nuclear    ^ppe    r   noe.    In    the    1-rgor    of    these    tho    chromatin    is 
di'^poed   i'l    coarse    grains.  The    yolk    i      vacuol  •  ted,  vml    the    spher- 
ul''    (Fig,  13,  T,  S.  )   have    t)io    same    appc    r   noo      s    in    oirlior      stages 


How   '1  ro    tlift"  '    'poro-nii '■    0      fomod?     Th^    in^wor    to    tlii'! 
quo-!tion    i^   given, I    belinvn,by  Fig';,  25, ft  26,  , which    ropro"'^nt 
"oction'T    of    o'le    of   the    clear    ajOis    in    the    "nrao    :gf^    frou  which 
t'le    ot'ier    drawings   were,   imde,    Tho    yolk    Cr,)is    not    indicated. 
This    clear    field    (Figs,  25,    26.    P,  A.  )   has    Rovoral    sporulating 
colls    near    its    border,    Tho    larger  (S,  0,  )i  s    includot'    in    neveral 
sections.    In    o:ie   portion    cf   it    (Fig,    25,  )there    are    two    nucleol- 
ar     bodi es , be s ide "    numerou.    granules.    A     mall    spore   with    indef- 

■3- 

inite    body,  (Fig,  26,  )    (3,0.)    ,116".    on    the   border    lolow   it. 

In  Fig,  26,, the   nezt    sectiAn    but    one    of   t    e    series, tho    collo.O, 

which    is    lut    again    ,i5    at    this    point    of  greater    interest. 

Thi';    body    i.    evidently      discharging    throu/;h    its    broken    down  wal 

rumberles^    minute,  elnmont '^  (F5,  )    into  .the    clear    field. 

On    opposite    nde'    ,  other    "liiallor    bodies    occur,  (f',  0,  3-4)whi  ch 

differ    only   in    poiit    of      size    from  the    larger    ones, 

Furthor,in   Fig, 22,    a    small    protoplasmic   arCT    occurs    in  whih 
a    single      pore-re  11    lior;,    Thi        has    one    large    .hrowtin    in. s', 
be    ide      nunerou        ^  i  or  o  e  ."lat-i ,    Figs,  5.    ft  23.  are      Iso    frot'  the 
saine    eg??, the    first      showing    the    section   with   juore    detail. 
Here    x7^    n?  ■    ■;  tructuro  t  ,  ■  imi  lar    to    those    already   rlc^cribcd, 
Thoy  arc    swollen    bladiler-1  i  ko    corpus  cles  ,•  ur  rounded    by  yolk 


(Y.  n.  ),aii(l    ooTini    t    of   a    fine    rot  i  oulura,  i  m   whi  i  1  u   pe'idod 

u   unl!y   ono    Infffo    'nd   gre    t    numbors    of    JManor    oliro)'r,tin    pnrtio] 
Virion?      tigo-    of  growtli   are    roproscntodj  "^o    tkat    it    i^    probable 
tbit    thoy. arise    from  "^pore.jand   ir'y   in    tijie    bocoi'ie    iiother    colls 
of    Jtlier    'jpore'^,  It    tbu"    apjenrs    tbat    tko   liollow   spore  fi'iass 

(Fig,  13,  ). 'ay  bo    for.'ied   by  endogenous    cell    division    from  one    nv 
:i"Te    ijother    ce  1  Ic ,  whi  oh    ooj'ie    in    contact   with   plas!'>a,  'ggrer   tod 
in    the    yolk.      These    parent    c^lls    aro    doriv^'"'    froii  tho    first 
nuoleuRf  probably   by  a    similar    process, 

In    the    la^t    phase    obtain ed (Fig, 29, )j tho   whole    ogg   is    filled 
with    TGvrral    thousand   very    l^'igc   o  lora^nt  s,  whi  ch   aro    dARo-nd^d 
!uor3'or    I'^G.    di  re  ot  ly,  from  the    bo  die''    ju   t    conidered.      They  are 
nor    coarsely  gri'.nul    r.         The    yo]k   is      regulnrly   sogmontodj 
app'^rcntly  with    referonc<^    to    these    bodies, into    blocks    or    balls 
(Y,B,  ),    A  blastoderm  i-   not    yet    definitely    formed, 

Thi  ■    ca^o    i      inter''    ting  when   we    compare   with    't    »    'le      ndog- 
enous    cell    formation    f    be    described      in    another    section,  and 
from  a    cytoligical    point    of   vi  ew,  i  t    desorvf?    more    oarcful    study, 
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DEVELOPliCNT   of  ALPHHUR. 

1(5 1.     to    6  til,  Phase. 

lUPhaf?e    . 

S7.GMJTTATI0N  to  FOEIIATION  of   the 

BLAHTODEKn, 
(Figf^.l.    4.    9.     10.     15.     17.    24.    27.    18.    30     31      ) 

Thereob   ervation,'^    relate    +o    'ho    two    specie"    of  Alphen 
alroMdy  mcnti  oned,  and    ns    the    development    of    each    is    the    sarae^ 
th   y  will    be    treated    n.s    one    form,      The    principal    difference    is 
in    the    ^ize    of    the    eggj  or    relative    amount    of    fo-d   y:'lk, 

In    June  J  two  females    of  Alpheu"    praecox   l.-^  i  d   egi^rs    in    an 
'  qu   riuDi.      These    ova   were    unfertilized   and   iiost    of    theii  di'l  not 
ailhere    to    the    ploopods, 

A  "section    through    one    of   therse    infertile    egg: ,  hardonei"! 
^bout    5   hours    after.. it   was    In, id,    is    ^hown    i)i    Fig,     17, 
The   nucleu'^    or   germinal    vof^icle    has    reapporcd,    Ithough   ^s  -[^q 
h^vo    sc   n,    it    is    not    vi^iblA   in      " a t u-r ^  1    ov^'rian    eggs, Exactly 
when    this    happens    I    diil   lot    '""et  rrni  ^  p ,       It    cemi    t"    of    clear 
plasma  without    definite    bounds, and    ohromn.tin   granules, 
Th'-    lias    ive    yolk   i  ■    conp-:    ed    t  f  (1  )]i  o  nog  en  eou      C' rpu    cle    ,of 
uniforn  ■  i  ze    ,exc  pti'ig   at    the    peripheral    pnrt    of    the    egg, whore 
thoy  arc    much    smaller;     (2.  )of   snail    v^ cuo los , whi oh   presumably 


roproscnt    ol '^i-i^nt  ^i '■  oluble    in    tho    r '^agents    oi-iployod, 

Thoo    laoun'O    oo  ur    i'l    ovarinn    egj';s    j  but    •' ro    r  o  lae  t  i  no  f? 
nL..,,t,      Thor^    i^    a    singlo    ogc  laenbrano ,  (' xc,  pt  ing    that    by 
will  ok    tlae-ovuia  is    attached    to    ^he    b-f^  h  i  n    of    the    ^wiri  lor '' t ,  and 
which    i'lvest''    o?ily   a    part    of    the    ^ur  fa  cc  )j  n  '  I'jcly   tho    ogg   sholl 
or    choricn,    This    i"    tcugh    ,elaf?tic  and   very   di  s  ton"  i  bio ,  as 
hown    by  the    pas-^age    of   the    Qgr   throuf^h    t^ie    oviducts, and   by  the 
eff'-cts    of    reagents,    It    often    ^plit'    i!ito    layer  ^  (Fig,  17.  Oh,  ) ), 
and   is    ':uf   iciently    transparent    for    surface    observation    of 
parts    below   it.    These   egg'?,  if   unfer ti  1  i  zed,  arc    incapnble    of 
initiating    the    prones"?    of    -egmontat  i  OHi 

The    first  nucleus    i"      hown   in   Fig,    16,    It    lie"   at    the 
centfe    of   the    egg, and    is    o  longated,  pr  evi  ous    to    division. 
Relatively    it    is    very  smal  KOoraparft  with    i  t,  !<inus.  Fig,  14,  ),of 
definite    outl  i  ne,  granular,  and    is    inbed   eil    in   a    plasm, which 
extends    into    the    yolk,    A  coagulated    fluid    soiJeti:iOT    oc   ur 
betwe   n    the    eg";-sholl    and    tho    yolk, but   noriaally   the    chorion 
closely   invests    the    vitellus, 

Tho  nuclou  now  divi''p"  "'ito  2,  4,  a'^'''.  8,  parts.  The  last 
phase  i  il  u  trater  by  Fig'^,  9.  28,  &  30.  Intervening  stages 
have    bo   n   met  wiihin    other    fornsC  Palaeiionotos ,    Ponto^iia,  ) 


whero    the    proooss    i^      inilar, 

Fig,  9,     show!    a    flection    of   the    ontirr*    Ggc,  in   which    3,     out    nf 
the    8,    nuclei    present   arc    nut,      The    wc?  t    inportant^  to   notice 
hero    is    that    the   nuclei    hnvo    travel  lod    town.rd    the    s:rfaocj    "■'' 


•  ro      Iro    <^y   visible    from  the    oxtoriorjbut    the    yolkj  (represcntfld 
somewhat    iliagri  nr  t  i  on  lly   in    Fig,    9,  ),'s    '^  t  i  1 1    un-^egnonted, 
O'le   nuoleu"    (X,))    hown    i'l    detail    in    Fig,  30,  ,  i '^    about    to    div'Te 
pnr'^llel   with    the    surfacoj    while    another    (Fig,  28.  )    is    undergoing 
kinesi-    in   an    opposite    plane    .    The   yolk  has    "uf^erod    xs    yctjbut 
lit',  le    change.    The    pt.rgest    corpuscle      lie    at    the    oontr'^    of    the 
egg,  and   n.ro    more    -^ngul    r    in    form  ,    No   vnounles    ip   e    r    in    this 
pipeoiinen,      A   delicate    granul^'r    Iyer    is    some  tine'    pr'^      nt    b'">t- 
we"'n    th"    yolk  and    chorion,  and    if  ^lorma]    ,    probnlly   rep;esents 
the    yolk  plasma, which    is    distributed    r,h rough    the    egg, 

The   next    ,    or    4+h,     segmentation    stage>is      "hown    in 
Fig,     10,  , where      e      ov   gee    thn    yolk  dividoi'    at    the    surface    into 
16,     blastomeres.  It    is    therefore    '^vid'^nt    that    this    cleavage 

of   the    yolk   t^kes    pl^co    simultaneously   after    the    8,Tinfi]ni    o^   Fig, 
9,, have   undergone    kinesis,    Thi  egmontation    is    regular, but    onl;r 

parti "  1 ,  sin  ce    the    groa^    mas:;    of   yolk   below   the    surface    i -^   not 
involved.  "We    may  regard    the    superficial    blastimeros    as    oclL 


in    a    strict    norphol  ogi  r,al    sen-Gi;     Each    of   thoFi':'    il^w  nt-fOr 

ynlk   pyraiuidK    ,a",    they   are    Roiaeti;]cn    callodihas    a    polygon    1 

b    !=;e,no    r    the    iniddlo    of  whi  oh,  sur    ounded    by   fo    d   yolkjlifis    a 

nucleus, jPig.  lOj      The    apioos    of    the    pyramid,  if   present,  would 

ne    t    at.t^he    oentreof    tho    ogg    or    segmentation    cavity, which    is 

fii;edwith    yolk.      The   nucleus    i -^    large    and   gr^^nul    r,    nd    is    -^u"- 

ponilei     i'l    a    stellate    or        eticulate    body, 

The    formation    of    the    blastoderm  or    prinitWe    ski  n,  co-' -i  - 1  •■ 

inply    in    the    uul  t  i  pli  cat  i  on  ,  and    co'isequ;nt    reduction    in    nize, 

of    the-'e    huge    doutoplasmic   e  1  ement '^ ,  unt  i  1    the     ■urface   has    the 

ap   o-r   n^-.c    of        ^ine    mosaic   of  hegagonal    pl.tes    or    cells,    the 

nuclei    of  which    lie    quite    at    the    sur fa ce , underneath   the    chorion, 

Figs,  15,    &   31,    give    one    of    the    stages    in    thi'^    prooe     , 

(Compare    ^Iso   Fig'^,    1,    &  4,     ),      About      32,     cell"    or    pyramids 

are   now    formed, and    the    (""ivi'^ing  wall    or    septun   (Sep,)    botwoen 

then,  is    "  xt 'i '''■^ '^    farther    into    -he    yolk,      The   wall    is    conti'iuous 

\Ti  th   a    delicate    layc r  (R.W,  Fig,    31,),      Part    of   a    section    of   %}^q 

se  r  i  0  s  f  rem  whi  ch   Fig,     15,    was    taken,  formi^ig    the    convex   faco    o*" 

p  '  r  h    pyr'l'lid.        T1i  n    nnclni     hnva    r-d^'nced     f    rtlii^r     MwTiil     f  h  f>     rut- 

f'lce,    nd    their    long   axes    lie    par'l    ol   with    it.      The    in    er    ends 

of    certain    ool    s    arc     ;ui    in    the    mid    1'"'    of    the    section    repr'^'Mt- 

'mI      in    Fig,  15,      This    egc     hapi'oned    to    be    in    a   period    of   rest. 


whil"'   in    otho    T      the    nucloi    arc    nntivcly    rli  v' d    nff  j  anr    'Ow   nl- 
wr^ys    radial,  y,  or      t    right    anj^les    t       .lie    "urfacci  Tho    col    r 

on  ti  Tine    to   multiply   by  geometrical    ratio,  until    upwards    of   256, 
are    formed, and        bl    stodenno   envelope    in    established    in      thn 
way    '"csoribod    .    It    i  ■^      riportant    to   nee      hat    al      products    of 
+  he    firei   nu«)len"    reach   the    surf aoc, -^nd    take    p-^rt    in    forming 
the    blastoderm, 

2nd,  PhasOi 
MIGMTION   of   CELLS    from  the     BLARTODEEf^ 

THE     GASTEULA.    Figs.    37-55.,  o7. 
In    an    eg.r    13,  hours    older    than    the    last,  there    arc    cc  1    s 

cat    orod    through    the    yolk,      The    pyramids    are    ^bout    one    third 
as    large    'S    those    in    Fig,  15,  , and    the   nucleus    of    e ■ ch    in   not    ye 
quite    PV' n  with    thn    surfaoci      Up   to   about    this    t ime , ''egmontati 'in 
has    be   n    regular,  ^nd      '    the    close    of    the    first    phase    of    devcL 
opnentj'hr'    og/r   was    radially      symiao  t  r  i  cal ,      Now  ho\7evrr,      the 
rate    of    cell    div'sion    is    accelerated-  over    one    pn-rtion    ':  f    the 
egg,  and   perhaps    cor  respond  in-gly   retarde-^      over    the    rf^maining 
surface,  so    that    a    gerniml    streak   o  c    di  s  o,  rn  ,.    o    nnn  ,li -i.n-    fn    the 
future    embryo, i"    differentiated    from  the    bias t oderm, and    the 
eg'C    bocoiues    two    sided,    A';    alro-uly    indicated, a    iiigrntio'i    of 


cells    from  thf"    ^ur^'aoe    to    ^lio    iutnrior    '  f    the    yolk    takeR    pln.O0i 
Tho    9gg    1  ■•  ^    it    appears    jwhon    "«    'i    '"row  the    "ido    of    +1''^    /jori'iinal 
(Uro    (G,D,  ),i'-      hown    i^i    Firj,47,         In   obver"e    view   it    prf>T^ntn 
nuch    fewer    col    '',  (All    tlio   nuclei    i 'i    thi'i    figure   wer^    drawn   v/i  tt 
the    came  ri  J  f  X ''•':' pt  ing    n    few   ^t    the    periphoryi).    Gn  f?  t  m  1"^  +  i  on 
soon    fol    ows    this    stage    at   a    certain    poiiit    i'l    the    are^    0.  D, 

The    surface    o ^    this    egg    i"    be    t    "hown    by   a    tangential 
section    (Fig,  48,  ))in  which  we    seo    tho   Ii(3xagonal    bl    stodermio 
e.e  1 1 -^  J  (Bd,  0.  )    'lontainlMg   yolk    (Y.  )jand   an    exoeatrio  nucleus. 

The    passage    of  nudoi    into    the    yolk   is    illuntrated    by 
a    serie-^^    of    7,     con    eoutive    nectionn    taken    from  a    single    egr. 
(Fi;-,  38-44,  ).       Figure    38    cutr    6  nuclei?  one    of  which   has   wander- 
ed     n.    oonsiJerablo      distance    into    the    interior.    In    the   next 
(Fig,  39,  ),  two   nuclei    are      caught. an    the   process    of    tangential 
di  yi  s :' on  (a  J  a,  ))  one    {^ ,  )   h- s      just    entered    tho    yolk   ,and   a    fourtl 
is    in    the    centre    of    the    eg;"-.    Nuclei,  a,  a,         re    hit    agnin    in    tho 
sucoecdingFig,  40,      Various    phases    of   thi'    proce        are    shown    by 
the    other    memborr!    of    thi^      erie    .    Tho    yolk   i      repre    ent«d    in 
Fig,    45.     (The    4th    in    "erie      after    Fig. 44,  ), and    tho    septa    bet- 
ween     the    surface    pyramids    arc    still  *p   a-r  on  t  (So-),  ), 
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larged      portion    of  another    soction    in    givon    in    Fig,  37, 
whoro    sov'  ral   nuclei    arc    so    n    to   be    flunh  wit>i    i'>0'    -iiir^ncn, 
while    others    have    mov.d   b    low   it,    The    yolk    (Y,  S,  )    is    fragmented 
around   these    el  omont  s ,  and    their    oxtofnal    protcplasia  is   without 
definite    bounds,    The'^"   wnnHoring    cells      pas'    to    the    centre    of 
the    (^gj,and   the    yolk  becomes      a;'^gre/:atod   -^.rornd    them,  in    the  fc^v. 
of   blocks    or    ir    ef^ular    balls.    This    condition    i'    i'ldicated    in 
Fig,  46,  ,  taken    from  another    species,      Fig.  57,  from  a    slight- 

ly  older    eg;': (20/'*  hours    older    than    the    yolk  pyramid   stage    in   Fig 
15,).      The    section    pas'^ie      t    rough    the    embryonic    di  a  c(G,  D,  ),  the 
■Tel  In"  of  which   are    now  more   numerous, and    closer    together. 
7he    septa  (Sop,  )botwc-n    the      pyramidal    cells    imy   yet    bo    disting- 
uished. The    cgi'T    f;astrula    sta;:e    im.iediatcly    follows, 
A  slight    depr'^s    ion    occur      at    the   hinder    end   of   the    germinal 
arei    , due    to    the    sinking    down      of   the    bias toderm  at    that    point. 
This    i nvaginn ti on, s light    as    it    is,represe    ts    the    primitive 
digestive    cavity   or      arch enter  on    ,and   its    mouth, the    blastopore, 
The    egg   is    now  a   modified   gastrula    ,    In    soue    forms    as    the    cray- 
fish,the   gastrula    cavity   becomes    a    closed    chamber    in    the    yolk, 
and    is    converted    into    the    raes enter  on    or   midgut, 
I'l   Alpheus    however, ad    in   Decapods    genernl    y,  the   /i.r  chento  r  on 
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n    di  nappei.  rs,  vnd    tho    lui  J   gut    is    fornerl    indepontlo'i  tly>  at    ^ 
l-^fer    poriofl,      A   line    (''rawn    ti;  rough      tlie    blnstoporo    i.nrl   mi  d    1  o 
of    the   goroinal    rli  s  Oj  I'lake  s    tho    long   aii;?    of    the    future    onbryo, 
The    ''iiBplo      tructiiro    of    the    ga«trula    oi'ibryo    i  ^'    illu^'trated 
by  a    soric^    of    transver^^c         otion    ,(Fig   ,49-55,), 
The    coll.     in    the    oentr'^    of    the    eggCY,  0.  )    ropro-i'^nt    the    -ilim'nt-; 
which   migrated    fron  the    blastoderu  prior    to    gas trulati oii 
These    arc    quite    largo    jgrinul    r    bodi  es,  and    in    some    c"ac!5,lie 
with'Ti    the    yolk  bal's.    In   Fig, 49,     the    posterior    edge    of   the 
gastrula    embryo    is    cut, and    +he    siuc   e    ding    section-;    pa;?      through 
the    primitive    mouth    or    bla-^top    re,      Fig,  52.     i-;    the    entire    I'^ct- 
ion,    of  which  Fig,  51,     i  ^    a   part.    The    small    pyr^^midal    cells, 
fori'jing   the    floor    -^   the    gastrula    depresion,now   c-:'!  tains      :\c 
deut oplasm, at    their    peripheral    ends,      Their   nuclei    arc    plncod 
!t    tho    do    p    r    flirts    of   the    cells    n^xt    to    ^he    finely   divided 
yolk,whe-"    tho    coll    boundaries    are    lost.      Moreover   numerour; 
elomontr^C  b,  b     ,),  Fig- .  52-54,  ,  have     wandered    from  the    floor    "f 
thi     cavityinto    the    egg,  or    forward   under    the    germinal    disc(G,  D, 
'i;-;^.  54.  ).      These    coll"    hnvi    n    pe-ulinr   histological    char      ter, 
he      nu   leus    i^      ub   pheri '^al ,  and    Tontai->s    r.oarse   gr^ins    of    rhrom- 
'tin   They  are    ill    united    by  protoplasmic   proces    e:?, which    form 
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■1,    ooirse    r  0  ti  oului'i.    Tho        gori'inal    di.so      '■       one        .1)      thi.k 
oxo'^ptinpj   near    tlie   (^af3trul'i.    nouthjas    shown    by  Fif^,  55,  ,whi  oh 
pa<'    6"    tlirotif^h    it''    anterior    half, 

The    first    r;tep    toward   the    formation    '^    the    gorijinal 
layers    h""?;    now   be   n    taken, 

"Wo    vY'.j   di  s  t  i'lfjui  ^h    (1)    a    superficial      opidcrm's,      or 
ectodorn   (Ep,  )      oonposed   of    flattened    lontioular    oelis    ,repr'"'':*n 
ing    the    parts    of    the    bias  t  odoria  which   took  w^    part    in      invagin- 
ation,a^d    (2.)    -^r    i  ■'    er    undi  f  "er'^i  ti  s  ted    layer ,  cor   esponding    to 
both   endoderm  and  mesode  ni,  in  eluding   all    the      reriaining    cells 
of   the    eggi      These    latter    it   will    bo    romomb'"' r'^d,  arc    d-rivd 
fi'O!'   ^■^^'^    s  )ur  ces  jnaiiie  ly  ( ■  )    fro;a  the    blastoderia  before    gastr-lat- 
ion      jandCb,  )    fron  the    invaginate    cells    of    the    gastmla, 


8rcl,     PhasGi 
OPTIO     DISOS     ind     ABDOI.FN.Al  PLATE. 
Figs.  56-69. 

This      tage    is    characterized   by   the   growth   of    the 
abdominal    plntejdue    to    i.    thickeniTig   of   ectoderm  in    front    of    the 
bias toporej and    simultaneous    forw^-d    growth   of   invaginate    cells 
below   the      surface;  ind   t^^the    appe-^r^nce    of   the    optic   discs; 
two    patches    of    ertodermjone    on    either    side    tho   median    line, 
Tho    la^t,!'irk   the    forward    j'^nterior    extension    '?f    the    eubryo, 
"Wlien    -^    living    egg   is    examined    by   reflocti-^?^    I'ghtjthesc 
"tructurc^    appear    -s    mi^:ty  white    pat  cho  "5 ,  (Oompare    Fig.  2,  )    lying 
near    togethert    Fig.  58,     is    from  a    surface    preparation    of   such 
an    embryo.      The    principal    cell    mas's,(Ab.  P,  )i  "^    the    abdominal 
pi"  te J  fron  whi  ch    the    abdorien    ind   pos    ibly   a   ptrt    of    the    thorax, 
is    afterwards    developed    .    The    bl-^stopore   has    n*"^   cloTedfbut    iti 
po  •  i  t  i  on  (Bp,  )can    be    eisily   dotcrminod, 

Th"  optic  W '\  c."  are  d.ue  to  bo  ripid  '^r.ro^'"' ing  of  eotO" 
derm  collsfrom  definite  c^ntr'^;!.  They  arc  joined  to  the  abdom- 
inal   pi    te      by  a    later-^l    cord  (L.  Od,  ),  on   which    tne    appendages 

re    sub:^equtntly   buddei'    off,      A  transver'^c    cord  (T.  Od),    o  on 
unites    the    two    optic    diio-    anter  i  orlyj  and   thus      enclo-e"    a 


ro^itr'^l    triangul'^r      ];.e    ,of     uiidi  f  f  erontia  tod    colU   whi'h      or- 
vesponcl   to      the    Rternal    region      ^^  f   the   animal, 

The    ^orwrrl   e  xtcns  i  c'    '^^   the    invaginnted    onllR,i'-    indioatod 
by  the    shaded    o  lom-'nts  (P.M.  ),    Thoy  adv^^noe    forward    •  f?   wel      '■  a 
upward    into    the    yolk   in    two    lines,  from  the   abdominal    plate    to   - 
w-^rd    the    optic   dis-,^    ,    In    thi-^     'peoie      of  Alphou   >  the    embryo    cov- 
er"   nearly    o^q   heraisphnro    of    the    .^gg   ,and   the    an^le    betwoen    the 
optic    discs, varies    greatly    in    ova    from  the    same    pr-^wn, 

The  enbryo  at  this  phase  occupies  a  considerably  larger 
;o  ,  th-'.n  it  doe'^  a  lit.lo  later.  In  other  words  it  undergoes 
a  marked  contra  ct  ion,  be  coming  stiialler,  This  i^  not  '^o  evident 
1-1  the  figuro^jbut  it  i^  very  noticeable  when  a  serios  of  differ 
''nt  'stages  are  comp^'red,  This  reraark?.ble  phononem  h'S  been 
•'Oticed  i '1  several  f'''^ '^.'^  pods ,  'Hi^  Ki'ir^'^ley  lifs  ■•.r'' v-ri  ned  \  theory 
to  ac  unt  for  it  , I f  we  notice  also  in  Figs,  109,  110, the  older 
embryo  i  -  the  ^raaller  of  the  two.  This  la.^st  nay  bo  -".n  exception- 
al c-se.  The  ombryos  from  the  same  pr^wn  often  vary  considerab- 
ly in  size.  A"  I  have  made  no  det'^iled  measur  ei-icn  ts,  I  therefor 
will    ner'^ly  mention    the    fact. 

When   we    f?tndy   the    strcturo      of    thi^    embryo, 
(Fig",  5G.  59,  60.  ), we    find    that   with    tlie  greater    cxt'Mision    of   the 
irimi  1 1  ve 


pr'ia'tive      op' drrip  R ,  th'  !■"    ha-    bo  ;'n   a    cor  respondi'ig    ,or    ovon 
rr  mf.-r    nntiyi-y   nj'ionrj    the    iTitnr^nl    colls    or    i 'r^  n  ,-    Inyoi-    in    ^UQ 
rr  J   o  11    thoi'j,    ro'i'"    b   rinfj    that    fro:;   Oiesn      l^ii'ntn    th'  o- 

•  deriiaud    cnJoaer::  are    ulti:iitoly    for:ied,,    Tho    lo    citudinal    soct 
ion^    ju   t    referred    toj  including    the   whole    egg,f3how   beTt    tho^i' 
relations,   We    can    RtiH    di :?  tingni  'hj  a -^    in    firjure    60,  primary 
yolk   eel  18  (P,  Y,  0,  ) )    from  the    ■secondary   e  1  om?n  t  ■  (S,  Y,  0,  )der  i - 
V   ^^''      from  the    invaginate   gastrula,         The    first    arc    l''Xgo 
'7:   nnl    .'    'odies   which   have   w^nderf^il    to    distant    parts    in    the 
■f^^'   ,    Later   howev'^rjit    is    not    po^r.ible    to    diningui  'h    themiand 
the    two    kinds    are    indeei"    froii  the    first    ;  :orpholoj;i  cal  i  y,    if  not 
physiologically    jqu^te    similnr,    The    internal    yolk   is    irregulaxl;^ 
^ermontod   into    bl  ock^ ,  ."lOre   n'^+iceably   than    in    the    provioiT^ 

tage,      At    this    point    it    is    plain    that    the    elements    of    the    sgg 
pro  "V  --al    stadia    of   organi  za  ti  on  (Fi  g,  15,  ),  the    ;?  t  ruc  +  nval 

unit  was    a    large    yolk  pyr   mid    or    celljwith   a   peri    horal    nucleus 
Th'    blastoderm   oellsjand   in    fact    all    the    ectodermal    ol^;'  nts, 
with   definite   nuol"'    -'-'^    ■•"  1  " -boundari  es,  ar  0    the   direct    .1'-^   -u].. 
nrt"    of    theTe    bias  tomero  s  j  and    arc      c^^lls      in    the    ordinary   ^e"    '^ , 
Th3    invaginate    cells    morooverj    fori'i  '^    synoytiu."]  below   the    ooto 
di^rn  of    ^ho    abdominal    pl.>  te  (Ab.  P.  Fig.  50    ),  Ir"    '^y    "hown, 


Further    'lono    if    tlio   nuoloi    <^'!tor    tho.  yolk  and   pl^y   tho    rolo 
nf   iM(inp  ^ndiint    colis,    Tho    yolk      bn-ii    is   not    ntriotly  hoiuo  l'>t^'-'u  • 
•..i  til    a    y^'lk  pyraiui  dj  inasmuoli   as    t)ie   nucloir:    ofHhe    former    , 
imltipl'o-^   wi'hout    reforf'Tioo    to    tlie    Turroundi'ig   yolk  rm^    . 

We    ;"y   therefore    regird   all    indoponf' An  t    yolk  e  1  ovi-i ' -^ ,  ^^  fi 
II    tlie   elMn-'nts    of    the    egg   in    factji^s    equ^l    pliyfjiologi  cal 
uni  t  f!  J  wlietho  r   thorS    in    a    definite    prdtoplasmic    cell    body    or   n-^ti 
n.-'i  d    '^^-le^'l'    '"if    t}ifii>i    1, -^     coll''    without     m.n.Tin.c^     '  nn  f  n  "  i  o"i  j  i     n,    jt"  nli 
in    it    i'    rarely  nenei^'ary   to   mike    '^    norphol '>gi  cal    di  stin  oti  oi^j 
(Sec  '  on    5.)  The    lateral    section    in   Fig.  56,  ,  pas    e 

through   t'le    outer    edgo    of   the    abdominal    pln.tojand    the   next    ^owaijd 
the    ni  r    lo    line    cros    e-;    the    lateral   wing   of  y'lk    oells(S,T,0, 
Fig.  60    )        j-'jg.  59    .         from  a   median    longitudinal    section    througl 
t'le    finbryo   and    the    eg'^;,  cut  ■  ing    the    abdominal    plite    through    the 
point   wher^    tho    bias topore  (Bp,  )  wai    situated,      Wo    so      by  -^ 
gl   nco      ■     'ho    figures  J  that    '         y    Ik    coll^    porvado    th  ■    "•"'--+.■•• 
p-^rt.    of    'ho    vitolius,      Thoy  pas      in    all   directions    from  the    ab 
douinal    pi:ite,but    chinfly  upward    to    each    side    of   t]io    lat^^^or. 
F5omo    of    these      l^j  nt-;    ov.    the    other  band    (H,  Y,  0  Fig.  59,  ),-ro 
cropping    forward   under    tho    embryonic    rudiment. 
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The    fla*    '^"^•"'    oolls    of   th"*^  prirai  t i  vo    op   (lov.  Ul^^.  )    aro 

-■1.1    nly   rti  f  *  oront  iatod    fron   the    inner    layori      Th^-       i~ntioiilar 

1)0(1  fi-oquontly    oar  nod   awy  with    ohori  onCFig,  56,  60,  Ep    ) 

rhor&    t'  '  T    i         nparntofl    from  tlie    yolk   in    preparations, 

trnoturOT    pro^''<+    -^  *     '  >  1  •      tage    'vo    fur^^"'^'-    i  1  i"  • -f  i--"  <  ed 
by  a   highly   magnifiod    portion    o,f   a   median    section    through    the 
ilnliiinal    pi '^.  te  (Fig,  63,  ),  and  by  r'    series    of    transvea-ae      cotion 
(^"■-    ,  61,  G2,  C8   l9    )        In   Tig.  CI,     Om    i  hdnpr' ti-i  1    pi    te    i -^      ootinn- 
ed      omewhat    obliquely   to    the    vertical    plane, in   a    posterior    direo 
'  on,  and    but    few  yolk    eel    s    are    mot,      Tho    section    in    fro 
.ht"^    (Tig,  62,  )    cro  •    e      tho    lateral  cord^  (L,  Od.  ),  and   numerou,^ 
1    rge   yolk  elem'^nts    are    found   in    the   interior   of    the    eggi 
Anteriorly    the    optic    d  (Fig   ,    68,  G9.0,D    )    arc      travo;-"'^    -m'' 

below  theia  several  yolk  col  is  ,Sopta  (nop,  )  oxtnding  from  ecto- 
derm eel  "^  into  'he  y^lk  j^til'  indicate  -he  coluiinar  or  py."^ri- 
1  (1 1  1    7 1  r  n  c  ^n"  e    of    <  1^  i  -    -nr  "'"'+'  ■^'^    layer, 

Tho      character   of    tho    rolls    of    tho    abdominal    pl^te    is    given 
'  :    Hore    dtail    by  F' jn-i  63,      Here   V7  numerou-    very    char  ' 

ti        bod'e-^     (,",Y,  0.  )     ly   ng:     I'olow    the    notndorm.  ,  r/b  i  cb    nrn    b  i  -i  t  n - 
l'"ir;al    y   distinct    from    'he    ordinary   oell-^    of    the    lit    or, 
A'^ter    tho    oloTuro    and    '  i  'appo  •  r   n  ne    of      t'  •'    bl- s  t  op^  r  o  j  th-^    cl'- 


^li'i      Iti^i  t    til, t      point    oonti'iue    to    piR      below   tho      tup- 

f'>,CGj'^nd   holp   build   up    tho    abdominnl    ruilinent   which    in    conti'iu- 
nliy    -o>.ili'ig   daujjhter    c^ll^    into    the    ynli, 

Thi  ^    point   will    be   imde    oloar    in   the   next    "5iage.    Tho    boundaric? 
of    thoRO   wandering    oe  1 1 3      arc    Ist,or   nearly    3o,they   become    lar/^- 
0  r      nd    "^phori  cal ,  ^.nd    the    ohronn.tin    in    each    (at    a    certain    sta/^o) 
i  > 0    e d   in    o o a r ."? e    {j r a i n ;5 , 

The    vitoliu      '       fi'iely   div'  ''^'"      n    the    pr'^    -nc    of    the    aotivcj- 
Ij  raaltiply^ng    oell-^jand    the    larfjor    oorpuscle:^    are    aj    ror;   tod 
into    ba  1  i  3  (Y,  B,  )'^-r  ound   numerous    yolk  elera'^nt'', 

Up   ti    till''    +i    in    'II    ectoderrial    thiokeninjj  ha"    f^  «^  rmfi    {ji   r,j]j 
part    of    the    embryo    , exempting    the    abdominal    platei 

Th"    optio   discs    ooni    t  ■    of    a    "ingle    layer    of    flat    polygon- 
1    rel'S,    TTii-^    i  ■   well    "hown    by   the    -^ori*^  •    of    con    nrntive    tran'^- 
ver'  tion  •,,  (Fig   ,  64-67.  )    passing    through    thedi'C  0.  D,     in    an 

•  1 0  r  0 -  p 0  3 1  e  r  i  a :    d  i  r  e  o  t  i  on • 

~h",      oil   walls    are    distinct    and    the    long   axis    of    each   nu    le- 
ui    lio'    parnllol    with  the    surface      When    tho      oil    di  vidos ,  thi -^ 
po    iti:ii    i'    rever -^'' , +^^      najor    ax^"       ^    the    ooll    being    then    por- 
P'^ndicular    to    the    piurfaco,    -•nd    tlie    plane   of    division    always 
t-.rgent  i  1 1,  


From  tho    optio    diso;!    tlie    (^yo   an''  fjnrii^lia    iro    1    rpoly 

divoloporl,      An    important    oh-^.vr^o    in    thoR"    rudiraontary   o  ; 
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4fh  P!ii.^G. 
THIOKENINiT  of  OPTIO  DISOS.    ETJDJMENT^'   of  AP..'±;iUAliJ:.J. 

Figs.  70-85, 
.".     ur-"nce    view   o^   an    embryo    nnd   esf^^i'^    ^6^  hours    oldor 
than    tliG    la'^tji'i    "hown    in   Fijj,  72,      Tlie    lateral    cord    CL. '''-:)» 
forms    a    coinpleto    bridge    botwm    thn    optic    area    -^nd   -^bdoraiil 
pi    te    j-^nd   on    it    twc    oen^,res    of   active    cell   growth   have    arisen, 
One    of    ther^o   noarth''    ■■^'^^ic   dis'-  ji      the    beginning   of    the    fir't 
pair    0^   anten-ae    (A.  I.  )j  theoth  er    j  the    firf^t    trace    o'  mandi- 

bles   (Md,  ),  clo"  0    to    the    rudimentary  abdomeni       Hoiie    if   the      cen- 
tral   oe  1 1  s  J  ^on  rer'^ '^d    i'^    +hfi    ^\i  ■.'kf\^^^fr   if    ihe    optic   d'         jare 
h-^  r  '    terizcd   by   their    largo    size,      Tho    transvor.'^o    oord    (T,  Od,  ) 
i      now  partial    y   devolopod,    -ho    embryo    is  V  .;hapod    j  an  '      '       ::^- 
closed    ''ternal    portion    i -^      till    imperfectly    novo  r^d, 

Glancing   now  at    a    series    of    longitudinal    section":    through 
t'le   --'   at    thi"     ^-^    0    (Fi'     ,  70,  71-V5,  ),wG    -         ^h- ^   -Thilo    tho   arj) 
of   tho    abdominal    pi  ^  to  (Ab,  P,  )i  s    increased,  tho    oi:'ll   mas-    below 
it    i  "    not    pr':  ";  rti  cnately   enlarged, 


T? 


It    h?,s   howevir    ,    'Ht    forth    into    the    vitellun    ja    Hwarm  of   olouc-t'! 
1,11    0^  \7hich   aro    1    r/^o      nd   rfr    nnl    :,    i -'    it    '^    '^o    lo'ir^er    pen    ib- 
le    to    fli    tiniTui-^h  with    certainty   between   primary   -md   soooTl'i-y 

ilk    nel     ',    Tho     '    bodin      multiply   in    the    ngf^jand    -^prear'    to    ",1; 
it^    ;iarts,      Nuoloar    figures    of   dividinfj   yolk   cells    aro    sometime 

•      Fi^.    75,  (YO    )     Hero   w".    find    ^ome    of   the-o(Y.^',  ) 
pi      infj    forward,  underneath    the    embryo, "^^nd   other s  (Y, ''I,  )   movin?^ 
posite    di  re  cti  on,  toward    the    "surface    of   the    egfji 

i-,    75.     j'opr'''"^^+      a   ne.arly  median,  lojirji  tud^  "i  1    ■section    throuj; 
the    transverse    cord    ,and   abdominal    plnte,       In   Tir;,    71.     two    ylk 
eiomonts  (Y,  0,  )    are    found,  apprc  chin{^   the    lateral    cords,  ^nd   in 
the    '^'^otion    (Fi.'j,  70,  )whi  oh      utf?    the    optir,   di 'i  t    throujjh    the    mi  d- 

lo,anot'er    coll    is    met   withjolo-jo    to    the    lat    ofi 

Tho  T'runturo  of  the  abdominal  pl'te  is  rjivon  in  uore  detai 
in  Fi/j,85,  at  a  point  anterior  to  the  prin'tive  /jastrula  I'outh, 
This    illu-trates    the    character    of    the    syncitiuii  i.lre'dy   rcj- 

^T^d    to    ,i.nd    show:    very  '70 1        th-^    finn    d   /rjo      0^    frajjmontati  o;i 
which    t'le    yolk   corpuscles    "-uffer    in    the    pro  0^   the    prot    - 

jlasm,    The   walls    of    contiguous    eel        aro    distinct, at    'he    sur- 
face, bn+    be  1  ow   it    ,'^is    i  -    not    *hn    na-^Oi      Hor'^    th'         i       n-.-nt-- 
.1   form,'?    a   not, which   engulfs    in    its    me   ho  ■    in'iuMorabloyolk 


pn.iti  gIos, whi  ^h    -jro   probably   directly   absoi-'iod,      Undor    thcnc 
fnvor-^Mo    con  lii  ti  OTIS    of  n^-uri  f^hment  j  the   nuoloi    grow   rapiclly>finfl 
f!prea,(l   to   various    parts    of    tlie    eg^.    Very   few  karyokinetic    fig- 

s«? 

urcs   we  r  'i    among    tli  e^  bodi  es ,  a    fn  ct   whicli    further    indicate^ 

that    m-^ny   of    t  he  in  pa  s^    i^ito    the    yolk,      The    irregular    tier    of 
cells    at    the    surface    of   this    section    indicates    ,as    ^^t^ted   before 
'h-i      -^^ftor    the    closure    of    the    blastopore,    eel  In    continue    to 
migrate    from  the    surface    at    that    pointt 

Certain  of  these  cells  (oi  c,  )aro  dividing  in  the  usual  wny? 
tl.at  is  in  a  planep'^  r  1  lo  ^  with  the  surfaoG,(by  which  tlio  super- 
ficial   are-     of    the    p'^.rt    is    ext  onded)jwhi  1  o    others    (o,  c,  )ap'oar 

to    be    splitting    in    the    op    osite    ;^)lane,or    to    be    crowded    below   the 

"3 

surfa  ce  (oi  0,  ),  thus   in.reasing   the    thi  .kne-:      of   the    plate, 

The  nuclei    of   the    lat    er    contain    , besides      coarse    granules, 
?v   r-'l    l-'rgo   nucle    r    bodies. 

The    proce        by  which    tlie    thicke"ing   of    the    optic   disc    is 
effected  at    t'is    s^agojis  well    shown   i      a    serie-    of   con-ocutive 

tion',pas    ing    through    ^'i      area,  (Figs,  76-83,  )      "he    anterior 
edge    of   the    disc    is    cut    in   Fig,  76, while    tho    last    o^   the    seri'^ 
Fig,  83,  :  ntcr   ect  :    the    rudiment    of    the    f  i  r  >  t   anten-^a. 
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"Vi  i  ■    t 'i  1  ■-•1-0'.  1  ■!  fr    1       n    'raar    ly    duoto    iho    ^t'^t^'^^"""    ^^I-ti'    tlnn 
surfaoG    of   ootodorni   oo  1  1  !3 ,  nau^ocl   prob''bly      y    thoir    rapi^'  ;- 

.on    !n   pianos     -^-h — 1 1  o  1    with    tlio    i^iirfaoo,    '^hi  ^    i      n,n    i  lupor  trtn  t 
J    •    i,<?i-'oe    it    iivolve^    tho    qnc^^tio'i   of    the    oy:   and   itT    f^n,r.":lia 
-^.nd  will    be    roforrod    to   againi      Tho    boundaries    betwoin    Tuprirfic- 
lal    .,oii<    aro  wo  1 1    m^.rkodj  ml        nucleus      whi  oh   has    pasr^ed    bo4ow 
tho    surface    i?    for    "oraetimo    inve'^tod   by  a    distinct    'donatio    lay- 
erCFig,  80,e.  r.,  )        rho    relation    of   tho    optir,   discs    to    tho   whole 
ifrrr   I'o      ■'i  ,i:-n    i ',    Fif^,  84,  ,  (the    Inft    par+    o  ^  -Thich    \ '■     "  ^n    ■■'^larfjoc. 
in  Fig,80,  );      The    yolk  at    this    level    is    nogmonted,  and    contains 
cell-    jnoie    of  w'  i  oh   howeverjhavo    approached  ner    to    the    discs, 
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5th,    PhafG. 

EUDIMENTS   of  ^'SREF,  PAI^'.S   of  AP  xIJDAGj.rJ. 
0-.rpjQ  nT-,1-   united   by  a  TRAN:'."V:'...         'H  D. 
'TMjand  rJDOGENOU"      CTi^LL-FOj'J  aTION.    Fmr.1.       86--100. 

We    reaoli    at    tlii  r    point    a    critical    period   of   develop- 
ment} md      tlie    readerwlio   has    followed   mo    thus    far?  will    find   that 
the   pocnli':    behaviour   of  the  wandering   yolk   colls, and   other 
conditions    "' -^w   prc^eit    become    inr'^    ii'^lligible      dur'nf^    th\r. 
phase,        A?5regards   germinal    layers  wo   h-i.vo    shown   that    there    if? 
•iow    (1)    ar    enter    octodermj(2)   an    inner    indiffer^^nt    layer   which 
for    the   most    part    represents    ne-oderm  and      endodern, 
Th?    fir'^t    of    thene    i'   well    defined^  both   by  i  t  ^   po-iition   and 
hi -^  tol ''gi  cal    character.      It    is    one    cell    thik   over    the    greater 
portion    ^f   the    orabiyo   and   egg, and   t,"he    boundaries    betwoon    thn    nl 
m'nts    are   wo  1 1    dofinod,as    they  are    bctw'-    n    thn    yolk  pyramids, at 
an   earlier    ditc,    A   thickening    of    this    layer    is    already   begun    in 
the    co'itre    of    the    optic   disc, and    the    abdominal    plito    continues 
to    reieeive   npw   r'^firnits    from  the    nutface. 

The    sT'^ond   gorminnl    1  ■  yer ,  wfei '^■1'    '  ?;    not    ^    Iyer    of    course,  in 
the    -^tirict    Ten    e    of    the    t  crra,  include-^    a]      cells    ':cattor''d 


'hrough    t^io    y^lk  raas ';,  t  oge  tho  r   with    thOTo    found    at      "i-ny   time 
below   the.    surfiOGjOf   tho    ibdoiniml    pl-^  te j  frou  whi  ch   p- rt    I'any 
'^^    +'ie    yolk    cells   li^ve    eiuigrn.ted.      Tho    origin    of    this    layer      is 
aooordingly    three  fjldj  sin  oe    its    olomont';    arc    dcrivoil    (1)    from 
the    blastodem  before    invaginat  i  on;  (2)  f  ro;i  the    cells    lining    tho 
shallow  pit    of   the    gastrula    cavityjand    their   p   oducts!(3)    from 
ectoden-i   cells   which    arO    sub-^oqucntly    crowded    in    from  the    Tur- 
face   near    the    position    c '"    the    former    bias  topore  |  probably   just 
anterior    to    this    point  (Vi  Fig,  58.  ). 

This    '^ecoid    ce  1  l-ag;jre:";ate j  cal  1  ed   tho    inner    layer   morf'ly   in 
'    topographical    senseji'jup    to    thi-.    time    j  undi  f  f  eyont  iatedj  and 
cnnot    be    divided    if   my    '  nterpr*^  tati  on    is    correctjeven    artifio- 
ally     nto    one    or   m^xe    sets    of      elemnf:.!    find    it    is    irapo      ible 
to    ;mke    ev  n    n    hi  ^  t  o  1    ti  oal    d"' ^  t  i  n  n*- 1  o^i    be'wnr-n    ":hflm  hoyond    a 
certain    stage    (v.Fiff.yS.ft   V4.  ).iThey  are    in    fact    potentially   both 
epi  the  li  um,  .Jds  clo    and  gland,  since    they   give    r'^o    to    all    these 
ti'5   ue",    Tho    bulk  of   them   form  the-  pie  node  riijwhi  le    To;e(tho    onda- 
der:')    re.ain    in    the    yolk  and    sub'^equontly  give    rise, in  whole    or 
part    ,to    the    lining   of    the    mes nnt e ron, and  what    is    rather    surpix- 
"ing, other    yolk    cell^    agn.in,pas<!    to    the    extra-embryonic    <!urface 
of   the    egg, and    join    the    flat    epithelial    colls    of    that    part. 


These  ''lots  will  bo   illustrated  later  on  . 

'''^kiiig    up    the    liiiQ    of    cleV'^opiuent   whor^i   w      ]  >  Tt    i       , -' -i 
]i  •    4  th    St  age  J  wo    find   that    sone    inportant    forward    steps    are   now 
.'-piiUy    tnken,      The    embryo    j  r  epre  sen  t^^d    by  Fig,  93,     is    anproxim- 
ntely    3   di  ys    oldCTerap.  78°  , -80° .  Fah,  ).       It    covers    ne''-rly   one    en- 
tiro  horaisphoro    of    the    o -g, tho    opposite    of  which    is     iprinkled 
V7i  th    flat    epithelial    delis,  like    those    - '^   n   at    the    poriph^ry   in 
th"      ignrOiThe   nuclei    w'^r''    drawn   ^ith   the    camera j  excepting    thos( 
in    the    centre    find   at    the    edge    of    the    field,  from  a    surface    p/ep- 
■T'tion.  The    second   pair    of   anten-^ae    h'^  ve   now  "ppe-red,    nd 

v7e    thor-^for'^   h^ve    the    buds    of    the    firf?t    thfeo    pairs    of   appendp,g( 
(not    counting    the    eyes)    -pringing    from  the    lateral    cords, 
E-i,  ch    ■p'^e    rs    ■dimply  as     <    centre    of    cell    proliferation. 

In    point    0^    time    all    are    developed   n^^-rly    simul  t-'neous  ly, 
but    the    -"cond   pair    of   anten^iao    seem  to    lag   ",    littio    behind    the 
rest,    In    this    re-;pect    cru- ta 'Tea    v  ry   nuoh,'S    night    bo    exn    o^    d, 
The    abdominal    plate    is    a   very   conspicuous    mas      ^f    cell"    behind 
the    I'lxndi  bles  ,whi  ch   abut    against    it    on    either    side.Soiue    of    i  t -^ 
eleri'^nts    -e   n    fro.i  under    the    surface, arc    very   largo, a    oh    r    etor 
whi    h    t  ley  earlier    posse'    od,    They     proad   out    on    either  , in 

th      iM  re  ot  i  O'l    '^  f    the    lateral    strings, 


71ie  t-ansver^o  cordC  • .  Ud.  )repi'0  onting  tho  anterior  part  of  »h'> 
IjviiT.  ow  r.  I  )-■)  ]  0  t  .1 1  y  iiviil/Toc!  thn  rap  hotw,  n  thn  optio  disofJt 
The  central  on-Josed  spnoe  or  sternal  n,re  ■ ,  St,  A,  ,  i  s  by  thi  <?  t  i  iii^ 
quite  closed  overi  This  i  •;  eft'ootr'd  by  a  downward  (that  is  ii 
po^  teri -' 1' )exten;5i  on  of  oell-^jand  probably  'Iso  hj  the  i,p;ir  oxim-j 
Ttion     .cf    the    lateral    cor  ds  >  o-f-  tho    t  rin  p  vo-rire — cord-. 

In    the    optic   di  ^  o    (0,  D,  )numer  on  ^    large    ce  1 1  s  (0,L(L  )aro    soon, 
both   at    the    surface    '^nd   below   it, 

we    recognize   hor'^    an   aj,et    of   mig/n  ti  on,  or    "laulti  polar"    in- 
TTginat  i '"■■i    '•■   'logons    +■    ihif    in    the    abdominal    p]^te,'^nd        thick- 
ening  of    ect ode rra  results    in    both    case". 

Oell    outline;;    though   apt    to    be    indistinct    i:i    Lhe    preparat- 
ions, f^an    be    usually  m- do    ont,bnt    it    is   not    de'^irable    to    repro'^- 
■^nt    them  in    the    figures, 

Tho    nuoleu      of    the    epithelial    eel i, or    of   the    colls    of    tho 

abdominal    are-,    re    spherical    or    oval, while    those    of    other    parts 

are   mostly   angul'r    in    contour,      This    i^    due    to    or ''wding,\7hi  ch 

as    po-ibly   altered    the    original    ^-    -'^gemont    of   nuclf^i.    At    -^vj 

r^te    ,  ^ho    systems    of   beautiful    concentric   rings, and    trajeotiona] 

curves    --re   not    so   marked    by  any  means,  \s    they  appear    in 

Eei  chonba  oh' B    and  Winter's    masterly   d-awings    of    the    cray-fi'^h 
eiibryo. 


Thoir    ropr'^s '^ntat  i  ons    are   however  j  (^'vi  clr>iitly   flia/^r     >        '  c, 
tnd    the    o'lbryo'iic    '-;;•■    >       i   ..    i    ..u-j  ire    from  t]\c    '"ir-i,       'o 
di  ^'"u  :  c,  tin.  t    is    iiore   widely   '^iparatcd    than    in   Alphous, 

.ccordi'ig    to  Eei  oho'tba  ohj  tio    super  fi  oi 'i  1    o    toderiu   colls    of 
+  iirt    ii.iiryo    ciyfi'li    "mltiply   about    a   given    cpv,  t  ,"■' ,  ('i^    (lin^o    if 
('         ptic   diso   "head- fold",  or    "thoracic   al^|^ainal    pr'te"),in 
obedience    to    the    trajoctional    l-'.w  nniiou:'cecl    by  3    chs      rd    others 
■■  r:   ording    to  which   nu-lei    always    divide    in    two    opiiosite    direct- 

.u^jthat    is    either    radially    fvora  the fcen t^p j giving    rise    to    a 
''ti'ing   of    eel  i,  Mi-    ii    right    angles    to    this    plane,  thus    producing 
'lew   itri'igT    and    building   up   a    series    of    oonr.entri  le  ;    or 

-'diating    lines    of    ce  11    ■        Tho    po    ition    of    the    equatorial 
pinto    '1*'"    flW''   ng   nucleijwh"    '     ^o;'.e    egg      '^  ^  Mpheu"      ^^ '>'"   ibund- 

rtly   ,    i-dicate    that    this    law   is    generally    followe-d    ,in    the 
optic   diso';    at    a-y  r -^  t  e ,      Observations    on    thi  t      ubject    howev'^r, 
to    be    'if   any  value    ,  should    be    ran  do    in    Tor'"    crofiillv   n  ,■  o  t;  ■•  ,- v.^d 
r-p'- cira'^n    , who  r"    di^'tortioa    froia  all    source';    has    been    r'^ducod    to 
a   nini.'u   ,         Those    oonditio-i      wer-^    un  f  or  tunat  e  ly,  n  o  i    f  u  1  ^- 

*'^,iT\Q<\  Hovcral    transitional    s^-iges    botwo    n    thi"    and    the 

egg   shown   in   Fig.    72,  , will  no-    be    oomider'^d.  Fig',  86.  &87, 

?   -90;    r':   ^i."-,  01,  ,  ar  e    drnwn    from  Qf^^n    takon    Iruu   iJi  •  •    pr   \rn 
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"vA   h^ri^enr.'      t    intervals    of    fro!i  6,  t  ■    12  h   ur:;, 
The      trio      of    longitudinal    niection^    (Fig   ,83-90.)      howT      one 
inter'?    ting    fact    ,i;    p-  oi  al  ly  wi  th    rofor'^nc^    to    'ho    peculiar 
lolo    of    tho    yolk    coll.      Tlio    sortion    in   Fig,  88,  i  n    about    median, 
rd  here    ^    continuous    layer    of   ectoderm  oxtcndis    from  tlie    tran^- 

VO  V     •"     ,^  -  ,.  ■>     ('"'.,  0.   ),+ *!     '1)0     r^>-'v     -fo.  lo'-t]  r>  1  1     in  of     +ho     rudi!\H 

ontary   abdomen  (Ab,  P,  ) .    So;ae    yolk  elements    (y,  c.  )    pa.'5^ing    froin 
the    lat'er,are    norly   in    contact   wiih   parts    of    the    embryo. 

The   nnxt    -;  ret  ion    t^ucho".    the    outer    odgo    of    tho    abdominal 
pl'tejtho    largo    granul    r    cells    of  which   are    distinct, and    oros-.e 
the    lateral    cor  ^  'i-        of    the    appendages,      The    fold-^    of    the 

1  ,t '  or ,  start    by    t-he    tucking      or    pushing    in    of      uperficial    cells, 

Hor'^    one    yojk    cell    (y,  c,  )    i  •    ready   to    -^ :    tic    in    the    pocket 
if   an    -^  ;^    end   ge;    nother    (y.  o    )- t    ^    distant    par^^    of    ^he    og'-,is 
in   proco'       of   di  vi '  i  on, whi  le    -^tiU    otter"    (y,  c,  )    ,havo   wandered 
in   a    'i  amo  t  ri'oal  ly   op   '"jite    direction, 

Aga'Ti    i  ■     Fig,  90.  ,  we    see  more    of   thn^^^      1    m  ,  .'hoy  arc 

1    1  go,  round,  or    i:    eguln;    bodi  e  s ,  f  i  1 1  od  w:'  th    coarse    deeply    'ttainiig 
na  ■?    0      of    chr   matin, wi^h    loar^ely    '    trace    of   protoplasm  betwei^n 
^hoia  and    the    yolk,      In    t'lis    case    the    imjority   of    'he.i  arc    undor- 
T''    ^h    or   more    correctly  above    tho    embryo. 


In    the   laid'lo    of    tho    optio   cli^o    (Fig,90.0,D    )    tho    Ufgo    f^ranul 
r      oils    (O.II,  )    vi    iblo    froii  tlio    ■nr.faco      in   Fi{j,  93.  ,are    no   n, 
0   0    of    tlio'^G      (ao,  )   h    f!    ju   t    bo   n    crowded    bolow   tho    lurfaoo, 
I?i    ■:'.    Qgr;   6,  hours    olderjn,    soctio-'    tlirough    t    o    optic   ard.    (Fi/^,  8), 

Y-1  ■     ■vidcni)!-'.    of   the   {greater    increase    of    the    lat^or    oiuigration 
of    cells    from  the    -ur  face , ''.nd   it      s   7iot    unlikely    that    some    yolk 
ol3.jint;!    (y.  c,  )havo    by   this    ti;ao    joined    it,  In   Fig,  87,  ,  the    iiner 
cfl."-o    of   an    optic    di  -Ojand    the    outer    border    of    the   abdominal 
region    a^-e    involved,  showing   that    the    ectoderm  hero    is    mostly  a 
■■in;';le    layer,      Tho    c?ll    bounda^ie;?    arc    olo'rly   visible, 
Two    large    yoll:    eel    s    are    in    contact   with    the    embryo    at    this 
point,  i'l    li:ie   with    tho    appondagesi 

ri.;,  91,:-    drawn    from  an    egf;  h   rdene(ll2   hours    l''.tor,    The 
plane    of   section    pas    9'    obliquely   through    t]ie    optic   di '!  c: ,  "".ut  t- 
i?!g      iho    anterior    half   of   one    (to    the    loft)    and    the    posterior 
prrti    •'    'f   tlifi    other,      It    '^■I'^w-    u      very  plainly   the    fato    ^^ 
f  esG    poculi    r    yolk   coll'^.    Some    1  i '^    ju   t    over    the    optio   thick- 
ening, to  which    taey   join    thomse  Ivo  n ,  wiii  lo    others    are   near    tho 
outer    surface    of   tho    egg, which    one    (y,  o,  )    has    quite    ro      h?d, 
Bmh     loll'^      oon    bo-orae    indi ,  tin  -ui  "hable    from  the    ordinary 
cp'  t  hel  iui'j  Ep,  ), 


T!ie    yolk   ol  oiaMi  ts  J  a  f  to  r  .lakinf^   n    round    bout    journey   tlir'Ujjh. 
t  !  6    ^  "  "■ )  j  '■>  i  "     ^  ■ '  '■■        " ' ' ''  V  0  , 1  i'  0    n  ^ "  V  '^  i'  t  "'  d    into    no  r  t  fl  o  r ;  i  j  a  "  i^    r  o  "  n 
f    i-;!    ',    lefi    ite    layer,    Ttis   will    bo    :■;  o   n    pr'^    ■^'itly. 

ti-aii"  ve  r'^o    oorclC  )    i      no    i'jigei'    a    .:iiaplo      truciuro^and 

till?    l-^.TrrP    T-^nul    r    oolls    (O.M,  )    in    the    oontre    of    'lie    optif^.   difo 
aa-e    no    t    :!arkGd    ,■  Turning  now   to    tlie   e^s  already   doscrib- 

oA    (rif;,93,  )    ,wliioli    foriai        e   next    li'ik    l -■    i^'ns  ,         find 

■o.i'.»    i.iportant    change;?    to    record,     (Fig,  92,  94-&7.  ) 
T'lio    optio   n.^c"    (O.D,  )    have    become    oy  1 1  of    on    iderablc 

izo,       Soiie    of    the    largo    central    oe  1    "    ju   '    n'^ntioned,  ap   o-^  r    in 
■  he    longitudinal    secthon    (Fig,  96,  )   while    the    -^ooti-on':    ix»    the 

pp  ;;ite  pla'iejshow  clearly  o^  ough  how  the  rudiment  of  the  gg,^ 
and  its  '^airrl  ion,  co-i  t  iuue  to  ba  built  ^ip.  One  'f  the  outer  cnlln 
in  Fig,  96,  ,1-;  div!  dng  in  the  u^-il  way  (tliat  i''  in  a  pl^iie 
right  angles  to  the  .'^urf  a  ce  ),whi  le  the  po3i|iou  cf  the  equator- 
ial pi  :oa  of  two  c  1 1 -:  in  Fig,  95,  ,  n]iow7  them  to  be  -plitting 
in  the  opp  'rite  direction.  The  crowding  in  of  nuperfioial  oel^ 
."  ulting  from  the  ■''!^-*  "hod  of  divi"  n  '  pin  "iy  '•'dicat- 
G.l    in   Fig,  94, 

"^'.0    thickening   of    the    iptio   dino  thoreforo    >'  "  ,1    , 

(1)    laainly   by    emigration    of    cells    from  the      ur'^aco: 
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(2)    pirtially   by   do  l-.i'ii  na^  (3)  by   the    iooor    ion    of   yolk 

roll    .       rurthor  -,    r.in\lo    tlii.t    "<om'^     if    ;  b  .^        ,^1  ,j 

lultiply   by   o'idogenous    oe  1 1    di vl " '  onj  produoi  'g     pore    iv.- 
r: !-        into    cell'^i  Spore-    (")   I'mko    thoir    ap^ioar   nco    quite 

:vJ'.-]-    at    this    phi. -5  0    of   devol  opraont,  and    thoy   ox;^)lain    at    once 
uli^riy    ooarso  jgranul    f   n    tuve    of   lu-.ry   of    the    oiabryonic 

•^  1  :  li'evL'ju  tagoi.     (Ooiapa^e   Fig.i,  63    85      "nd    other;;,) 

"hoy  appeT    in    all    tho    figures    o"f    this    itage,;and   i      nearly   -^11 
p    rts    of    the    embryo,      Their   history  ha,'?    been   pretty    ful  '  c- 

O'l,      "hoy   originate    by  endoge"  ^■'■"'    ■■'' ?  ■^■r^^-hj  ohi  e  fly      ""    ^n]ir.    ,-» r 
the    abdominal    pi    toj-^nd    of    the   yolk,    They  probably    c  j  i^ul 

t-^    'he    '))dies    termod"    "■    oonJaj<y  mesoderm   cell      "   by  Eoi  chonba  fi|, 
'/^■leir    orig  n    a-^d    fu'^ntio'^   will    be    di^ou"    od    '  "^    a    -pTTi^tr    tp-;  t- 
ion.  (4.  ). 

T^he    peculiar    nature    of    the   nuclei    in    the    synoytium  of    th^^ 
abd  minal    plate    is    -jtill    quite   iiarkod    (V,  Fig,  92,  )     "hoy  are    tho 
largest    oloraTnts    in    tho    ogg,and    each    co'tains    fro:i  '  v   r 

al    do  .ply      t'iniiig   bo'''""    ^^    ohroiiiatin,      "!■ :         ^i  ^-^    r,  ot 

iaorca^ed   at    a    r'te  ponding  with  :ral    growth,  owing 

probably,  to    the    fact    :  liat    elom'^nts    co-  tlMue    to    be    Tubtraotod 
Trin    i'    -id    t  a    p^s';     i -i  t -■     'he    y'lk,     '~'i^i-     I'.s       .       pr-b-^^'Iy     'til" 


t'.lo   {JO  71   limit  i  pi  i  oa  t"  on  llijand    by 

■in   ''.M'g    in      of   tiio^e    at    liio    nnrfaoc. 

"oM^    of   the   appond-^-gc^    (Al  , All,Fi{j,  96,  )    \xo   i.lro   dy 
•"0  !id      re   well    shpwn    i      r>,n    eiabryo    6  hour"    ''Iclor   than    t'l-^ 

1  Fi{j'? ,  98-100,  ,  roprc^. '"nt    a    ';eric      of    thro'^    1  on;";i  tud  '  ""  ] 

-ieot i  on-i "  thro"'{jh  an   er[';   of   thirs    nr^Q,    It   po''    e  .i     '      f   the 

oharao^cri    ti^^    of    the   nauplim.    The    optic    di     1      re    erablo    jin 

-2      -'I'l    -hapo J  the    thro      pair"    of    'n'Timentary    1 '   'i-   ,    "h"    niwin^,, 
i-     1    fo]d    is    not    yei*t    foriie^jand    the    labruj!  is    undeve '  ope'l. 
"li :         "    ^iiaeu::    (Pig,  98,  St  »L  )    fir^t   riakoij    it"    appear   noe 
-lirrht    donro"    ion    cf    ectoderji  in    the    nii^'lo    linr>,b''tV7 

ra    "Ycr^    cord   and   ^b-loiiinal    plate, i?i    front    of    the    2nd 

bn   ,  "^  ■     " T    .   .     1,.  ,  ^'j- ::i  Lie  rably    behind   t.ic    firat    p^'    f 

The   nnnber    of   spore      (H)   and    iporulating    cell"    (',0,)    ha-    now 
very  greatly  increased,  Wo    "  ■:  0    thorn  in   all   pnrtsof   the    eiabryo, 
'"'he    c '"* "^  ^^    '^    f  r a n n  1      i  '. ^i  o    n  t)      ■•  n ti  ^    j »    r.  ^i ,  ^ p  1  >  a    ■  /1  +  ■. /I  ^  1. , ,   ^ .-.  j  j  r. 

r fender    it    probable      that    thene    'lOilici    are   potontinl  le    to 

reproduce    by   spo        ,      The    section      through    t'te    abdorai'al    pi    ;  0 
(A^,P,  )    i ''    FiV,  98.  ,'^bnw        oiifl    i-i  ■      f  i^ifor"''',      TT"  -'    i 


cell  in    largo    ^pore    1 i  k 

in    th"    y   11:   bol  'jw, 


ar    to 


fr' 


'- ;  •  . 


Olo^"  '  ujurfioial    ooli    >wli'    li    i  ■;    undo  r  go  in /j 


^ovoral    ??poro    1  i  ko    nucleolar    bodio.s,      Thi  oviclfntly    ju    t 

^e*^n    crowde'l      ovm    by   iti   noiglibor'i  j  fr  om  it"    original    p«4^^  at    '.)Le 
TUT  fa  CO, 

.Tho    rao.'3oderm  i  "^   now  a    clearly   dofiod    layer  j  (Figs.  90& 
100,  )IIo   ,)    .i.nd    it"    coll      arc    -  lightly   di  f  forontiated    from   oho 
yolk  0  lom^n  ts  J  to  wh  i  oil   they   owe    th'^'r    origin, 

It    '''retohc?    forward    from  the    a' doiainal    pl^te,in    the 

for:     '1^    ^■■^'>    f-lii^i    olie-t'^    or    band.^  >  al  ong    the    line    of    ^^'^    -^iiicnd- 

vges,         It*^    oHnont''    are    f  li  t  ■  oned,  and    spind  lef^hapef^  j  ani"    the 

long    axis    of    eich    is    parallol   with    the    sur  fa  oe » wh>3r"as    the 

najor    '■xes    of   the    octoderiial    nuclei    n +.    thi^    nn'^it    ore    ■nor  '^ndio- 

u  1  a r    to    it. 

The   raesoderii  is    un 'eg;  ion  ted,  but    it"-    coll  ■    nntT    the 

pocket         f    t^p    appendage,    ■       they  nay   'lultiply  ^^      •    ■^■"'^    , 


6th.  r 
THE     EGG    NAUPLITJS.  Figs.  101-127. 

The    Ginbryo   has    oy   tiii"    ti;ae   aoquircd    oortain    l3ha^^.  -tors 
wlii    h    -^tvnn.f^ly    ■•o'^.al]    tho    fr""    "^wiiiiinfj  naupliur    o ]■        Tv'pedial 
larva.        The    fully  fjrown   e??,'^  nauplius    is      hown   i^   Fi',  111. 
The    "'ep"   which    load   up    to    this    froiu  the    point    la^t    re-uiijd   laust 
f  i  r  ■  t    be    coii'^i  dered,    Tto    condition    of  an    ej^"-    12^  hours    older 
titan    tliat    last    de-' or i bed,  i  ^    illu   tratod    by  a    series    of    five    long 
itudinal    section"    (Fir^    ,101-"105,  )      'T'he    fold    of    the    abdomen    i^ 
nov7   reoogni  zable  (Fig,  104,  AVi,  )  J  and   the    s  toraadacuia  h".  s    grown    down 
i  1    the    f'^rra  of  a    s  t  raight ,  narrow   tube,  bet'.ve  en    th.'"-    '.ases    of   the 
fir't.     i/nd     7:-p.  n'ld    r)-'  i  v    of    t  ^i  t  o'l '"i.  e     (Fi  f,  105.  fl  f  il     )       '"'li  n     ^mnn 
botWL'.m    the    Ifiv^l    of    the    oesophg,gus    and   abdonen    is    occupied   by 
yolk    fr  Tgiaent " ,  ai3ong  wh  '  oh   are    interspersed   nuMf^rou'      po/e      (") 
and  iiesoder;:   oo  1 1   ,  deri v^.I    fron  the    abdon.inal    fold   region. 
The    ectoderi!  over    this    part,  cor    esponding   to    the    sternal    are-' 
"t.A,  )    show;    a    tendc  cy    *:  o      hioke^i,    The    nuolei    of    the    outer    laye 

.0    eloTig'.  ted,wodgo-shap.3<"'    bO'li  es,whi  ch    stand   per^oni'i  oular    to 
the    surface,  and      re    closely    dove-tailed    together  »the  f    th? 

w-■.^'T■>   pointing   either    i'lv^nv.i    n^    , -n  t  ,      "hi"    '"'ioates    r'^pi'^ 

oell    div's'on    in    o'e    plane(viz.     in    that    parallel   with    the    surface 


.  ) 


oitl    result""    ill    tho    ';qu(  ozinjj    in    oellT   hor"    and*- thorO|  and    thu'^    in 
thi  )keni '1/];    tlic    layori    "^^  li      bounds    of   tlie    outer    coll'*   arc    quito 
"'liarpjand    tlioir   nuclei    like    most    of   those    of   tlie    og{^|  contai)! 
coarse   gri.nules, 

■"ho    OG^oplia/^us    develop'  r.    into   a    rel-'tively    1  on{j,  s  traif^ht 
tube,witli   apnrociablo    luraon,n.nd   it    is    '^  o  on      urrounded   witli   '^pore 
and    scattered   raos    dern   oell';,       It    i"    fori'jed      ofore    tlie    prinitivo 
;'Outli   5ind    fro:     1    t  ■    2   days      before    tne    proctd^^n, 
Tlie   abdojiinal    fold    '^ppe    rs    to    -^^rise    by  a    cleft    in    the    ootodern. 
"Tki  s    i      alrc'dy  noticeable    in   Fig,  104,  ,  but    fully   formed    in   7ig, 
106,      Its    large    cunei  f  orin  nucl  ei    indicate    the   p^r^Ssurc    to  which 
i  t  ^:      elln    aro    .'?ubjoGtod,        The    oloft    i  ^^    at    first    porpondi  oular 
to    the    sur  face  j'^.nd    oo-extensivc   with    t'.e    oes  ophagu  ■•  jwi  th  whici^ 
it    is   al-o   parallel,        'T'his    .-.left   does   not   at    first   extend   quite 
acros"    the   abdominal    "re    ,  but    forms    a   deep    transverse    fi      urcjor 
pocket, IS      c  en    in   Fig,  106,  and   i^  al'^o    i"   hcrizctal    "oction 

It    apparei'tly   does    not    begin   by  a    true    ingrowth    rf  ectoderm   from 
^he    sur  face,  1 1though    tiierc    is    0V'jntually,a   m-rkod    infolding   of 
this    layer.    According    to   Kinrsley    (25)    the    abdominal    fold      be- 
gi's    in    Orangon     by  an    iiipushi?ig   of    ectoderm,    The    ro'ult    in    oithcjr 
ca   0    i"    the    samcTh-    ro  lotions    of    the    part''    of    \]ia    jiibryo    at 
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'h'>    phase    J  on   tlie    other    'n,ii(l,i'mR  t    1)6    quite    difforfiit    in    ihes^ 
two    forii'^  I  ju(lgin{j    from  Fig,  11.    of  hi"-    papeii 

Nuiierou'?    eloiinnt'^    holow   the    abdoiiinal    foHiwhioh  \7e  will 
no  '    call    I'lesodeni,  continue    to    pas'^    forward,  undem  p-i.th   the    oi'ibryo 
and    t'"    j    i''    the    dofiinito    bi.iuls    of    thi  ^    layer, 

This,  -^heet    of  ue 'modern  i      well    '^hown    for    one    ^idejby  Fig,  102 
103,    !Id".  .Lateral  ly, who  ro   laa-sso'    of    the--    c    11"    ont-^r    the    lobe- 
of   the    appendage  s ,  tho   lae '•odoriii  o   band  has    a    segi'ionted   appe'rnco 
liosoilerui   cells   which   join   the    optic   disc^    probably    form   connecti'jre 
tis   Tie    cove  T-i^g"    to    thc^e   parts    although    it    is    difficult    I  o    de- 
termine   if  all    such     icll^'    aro    thu'^    differentiated, 

T'hc    Cour    segment"'    of   the    egg  nauplius    are    cTvirly   shown   in 

Fig,  103,    "ii  i  nh   pn  5    e      through    t'le    optic   area,  the    lobo'^    of    the 

thre  ?   appendage  s ,  '-nd   the    edge    of    the    abdomen, The    similar-ty   bo- 
twe    n    :ho.a   is    equal    y  .aarkod, whether    the   onbryr"    is    viewed   as    a 

'(/hole    or    studio''    by  means    of    -ection".       So    f "  r       •    their    develop- 

jaent    i"    con  cerned,  thi^  re    are    go    d   grounds    fo/    treating   them  as 

hOi  !i.  1 'ignus    parts,    "^he   appendage    is    priiutivoly   on    outgrowth      f 

e  ot  ode  rm,  wi  th    i,    thinkoiied    pn..''    of    ectoili^ri'  '' •    ^  ^  "^    bn^e, which   be- 

cones      the   n'^rve    ganglion    of   the    segment,    'T'he    optic   di"o    ,whi  ^h 
gives    ri    0    to    the    ey  ;    and   its    ganf::l  i  a,  aro      l^o    due    to    a    thick- 
en in,";      of    the    epidermis, 


0-  0    of   the   I'lO'^t    reo'^'it   wriuOi";    .'i  Artiiropi.d    eiibryology 
Rei  oliOMbaohi  find'?    that    i-i    the    crayfish    the    optic   ,";anjjlin      re    dc- 
V'jlonod    like    all    the    other   {jin/jlin    of   the    brain    and   ventral    ner- 
vous   ^:y   tern,  and   he    therefore    {jivc^    then  a    sofjiicntal    vluo,    "This 
"ubjoot  will    bo    con'nderf'il    in    another   plaooi 

'^''0    struoturo    of    the    optic   disos    ii      ub   tantially   the    ■^arao 
n.-?    bofore,    "^hoy    cotim    t    of    layj^e    cell   im,    -o-jtinitcd   by   ♦^ho    thick- 
ened   t^ansver-jo    cord    (Fig,  107,    '',  Od.  )   and    ooveced   bo  1  ow  by     a 
moio    or    les      dofinito    layer    of    flat    raesodena   ce  1 1  ;  (Ot,  S,  ), 
^ho    onn-^nt"?    of   the    cmtro    of    the    di"-o   arc    j^itill    recognizable    by 
their    char  ^  otori  sti  "■    j  largo    size*   Growing    '5pore^    ap   oar    in    o.' 
near    the    rudiment.      In   Fig,  102,     three    ;ctoderiaal    olon?nts    are 
O'Ught    in    karyokinesi ^,      Two    of   them  lie    cl    tg    together    in    the 
optic    tractjand   are    split    ing    in   a    radial    direotionj    W'-.ile    the 
other,  at    the    edge    of    the    abdominal    foldji^    -'viiil^ig    in    the    usual 
v^y,      In    this    con    action    it   may   be    s-^id   that    karyokinetio    fig- 
ure^   of   divid.ng   nuclei    are    vory    coraiBon    in   all   stages    fro.i  the 
fir^'t   nucleu"    r.p   te    the   no'^t    advanced    condition,      ITntur^'lly    it 
is   U'^^ual    to    find   either   groat    numbers    of    cell      or   none    at    all    in 
*!-■"    oo'idi  ti  0!i,  acf;ording   a      the    egg    is    in   a   p^s    ivo    or    active 
state.    In  Alphous    minu.^    i  o?i    the    contrary,  in    case    of    the   product'' 


of   thn     "iv-i    nuclou"    at    loi. Rti+to    division    i'     oviilf^it ly   rlirnnt, , 
Difforont      '^peci'^-    and   gonera    of    'rthropods    inu^;  t   howeverj    be 

xp    ot-  d    to    .liffer    in    t'is    ro-peotja^    in      o   vnnj   other    point:;      f 
fle*,nil,      Roiohonbacli    finds    nuclear    figure-^    in    abundni  oe    in  Astao 
n''j    wliilo    Ki'!gilq^,in   a    recent    paper    on    Or'Ugon,  states    that   he 
h''.s      con   j'Othing    like    karyoJrine'^i  •  j  oi  th^r    in    the    ':nguion  ta  t  ion    or 
''ub   equent    deV'^  1  opment    of    ':;hat    prawn,      Of    course    in   ar^y    c^sej 
we    "'tudy   only    the    rapidly   achieved    ro  ruI  t » andj  o  xocpt    in    the    liv- 
ing  e.'^    I  or    in   a   pretty      full    serio"    of   embryo    ja   la^,tter    "^    '  li  i -■ 
kind    could    be    easily  mi '^    ed, 

A  nodi  an    longitudinal    section    through   an   eg";   from  the       ■    . 
prwn,but    preserved   a    few  hours    lat er j  (Fig,  106,  )    shows-    tlie    cleft 
C*-bfO,  )has    boon   ext-onded   into   a   pouch, which   thus   marks    off  the 
abdouiiial    f oldC-b,  ). 


The    ectoderm  on   tlie   iiidUe    line    both   at    the    bo 


f     ]ie 


clo  f  ^ ,  andbetwc    n    it    and   the    oe  sophagus,  i "?    generally  not   ikto 
than    071.0    cell    thick,      '^'^'"    '^ro-    (St,  A,  ),  square- oornered    i  •■    -"•tio 
along  which    t^ie    ventral    nervous    sy   tern   i'    te    bod   v^  loped,  •■ :    m 
changes    it^    form  and   po"iti  en,  (Ooiipare   Fig,  125,  ) 

It   now  abuts    in    the    eg'^'Oi.' 1 1 ,  bixt    it    i '-    '^on    pn   l""''    iM-.ion+]. 
it,y   the    forward  growth    r,f    the   abdomen, 


ho    lit  (or    I  in    tino    i  ooi'tes    to    lio    b  ■  IW'"'   n    ;hi  rnal    or    ventr- 

■1 1  l   tlio    oliorio!!,      ''he  Labrun   (Lb,  ),  wli  i  oh   is   horo   nndevol 

op'.''ij'-      ■'    grows    (lownwariij  or    I'ather    bt,  ok\7<tril    t^"     's    the   "'^•'^'\ivi 

rrjiv.s  with   it    the    position   of    the   laotith,  and    i.lsobeTuli    /p      the 
oesophageal    tube    until   wo   have    tho    r'^lation    se<^n    in   Fig,  125,, 
whi  ri'i    '■    from  tlie    egg  next    to    be    d   "orib'^il, 

'h"    pro  otod9=#ia  no  t    ye      very  wll    d'^  f  i'lOflj  i  n    infrpr'^totl   as 
b-gin-iig   at    the    point   Pd,  , rig,  1.06,         T'lg,  126     ,.' "^    a    transver^^o 

otion  at  about  this  plane, of  ^n  eg""  interiacdi  n  to  botwc  n  th^ 
two  consi  dered,  ani^  if  I  aia  not  lai  stake  nj  we  have  hor"  the  first 
'noc    -  1         triiotrir'o,      An    invagination    is    taking   pln-ju    kjro 

';    "".i-      J    :    -        e  s ,  (FifT,  126,  Pd:  ),whero    tho   nuoloi    are    so   n    to 
1  i  <?    it    'he    d:    p   r    ^ni^s    of    the    cells,    Thoir    'mall    size    indioates 
r  0  T)  1  i1   1 TQ 1 1 '  1  ]    11  * '  ri  Ti    1 1    :  Ti  i  13    ■)  ri  ■  11  + ,    V]i  e      i  ?i  V  a  g  i "  '^  * '  " ' '    ■■  ^    'he 
hind   gut    is    at    first    solid    or   nearly   so, at    any   r'te    it    is   not 
pv"    ible    at    fir^t      to    di  ■:  t  mgui  ^h   ajty   luiuen, 

he    relation    of    the    enbry  hn   w^i-]i    'g."-    m.-n    I,-!  y 

jof  ^r'-'-iC''    to   Fig,  108,  ,whi  ch    is    taken    from   the    sana    s'ri 
-  ig,  106,      ''ho    later"  1    thicken'    '^    -f   e  ot  oderii,  ropr"  s  \'i  '         n'' 

i.'ontary    central    rervous    ^y   tejifthe    ganglia    of   the    di   ' 
"■giMnts      not    being   di'iti'ioL, 


A      ier    of    laii^e    ol^CB.Z,  )    vi    tho    abdoir  quiti"  '^- 

ablo  '  is    tiiac,      '.liir!    I      uppo    e    oorre    pond  to    liio      t/unturo 

Roi  "lii^iba  ^h   do"iribo      '        "^U(Min{j    zo    -    ",  ttributo?!    oon^iJ- 
ernMo      ii'ipor tanoo    tojin  AstacuS|it    a    sinilnr    ph.'''^Oi 

."-■■   ording   to    thi-T   writer    tlio    abdoiiinal    fold    or  thnri-Ci  -    ■/'jii-iiin- 

'1    process    give^    ri'^e    in    th.'^    ^rayf  i  ikj  not    only  to    [h.e    abdoiaen 

properjbut  p'ir+'     'f    ♦lie    tkoriiX  -is   wellj'^.nd  new   segiiont-^    '^-ro 

lin;'^"    froia  tbi  ^.    zone,    My  oborvati  on.'?    ^n    tbi^^      u'lject    are    notja  + 
pre  ?.3nt| ''uf  f  i  cipnt    to    a  dial  t    of   an    opinion    as    tc    tbe    value    of 
the^  3    ell"    in  Alnbiu   ■ 

B-    i  ii        tbo      '  ori^^^      >;,  108,  )whi  ch,  in    the    living    itate,  in- 
to he    igj;    clo^oly,  tbor''    i  ■■    now   evidt^nt    a    ■second    ielioato 
mMibr^ie    (IT),)    surrounding   tbe    entire    ogg   (V,Fi;,104   ) 
Tbi ."    i      a    .'=!eorotod   product    of   tbe    e  ctodermj  an-    of   prety  general 
ooour.o?'  ''^ng    irtbropcds,      It   ba;?    been    regardc'  -       :.oest- 
r-'l    ob^'.r      terrnd   morpbol  ogi  ool  ly   equivalent    to   a    first    looult, 
wba ;    if    real    signi  f  i  oan  oe   may  be>I    do   not    buw,         ."  <:    d 
0  "'forn            be    fold    if    tbo    abdipe^ij    or    ♦        he      ^  "^  ■pbap'u'^i 
it    i^    a  well    irrkod    og;;^  n   uplius    feature,  but    i  ■=!   not    olearly   dof- 
ino'''    !iuob   before    tbi  <?    pJia-Oi 


The   yolk    oe  1 1  t   havo   doorf'ascd    oon   iJorably   in   nurabefi    ""..'wo 
are    so   n   i'l   Fig,  108.  ,  qui  te  noar    tho    f?urfioo    of   tho    ogg. 
A"    "Iro    dy   sti.todjsomo    of   thoRo    bodio      iiltimtoly      r'^ack   tho 
surface   and   beoomo   undi  s  tingui ''hablo      fron  the    ordinary   opithol- 
iuM  at    this    pointi    Thi''    i"    very  well    ^hown    by  a    itudy    of    the. 
•    ri'^-    from  which   Fig,  105,    ■•rn,'^    taken, where    all    rjtago'^    in    thn 
proocs-    can   be    ^e   n   ,    A  portion    '■'f    ono    of    the^'e        ction'    i      giv- 
c'l  "■';";>     34,  , where    two   yolk   oeli'i    (y,  O:  )    alron.dy   tangent    to 

*he    surface, are    undergoing    flat'ening    (V,  Fig,  91  Y.  0,  ) , 

The    fully   doyoioped    egg   nauplius    of  Alphaeus    praecox    (Figll:. 
—    -.i)ov.t    "   week   old,    It    rest'?    in    one    pole    of   tho   mas    ivejoral 
or    oblong    egg,  occupying   a    relatively   very   smn;!!    p^rt    of   the    sur- 
face,     Eiabryos    from  the    Ranue   pr'^-wn   vr' ry   considerably   in    "ize 
-ind    -;h-',pe,    nr'    rto.nswhat    also    in    rlegroo    of   d^v   lopment, 
Thu-^    in    rome    of   thin      et    (Fig,  109,  )the    2nd    pair    of   antennae        c 
bilob^d   ind   other    parts    are    nore    dov   lope^l,         '^"ho    ,<'p    cirrn    fron 
which    the    drawing   is    jiade    is    about /g(inch   long, and    the    entire      g- 
if   ropr'^s  ^ntnd-  in    nnil    vi^Wjuould   be   nearly   twice    tho    diameter    of 
•hat    portion      ^    ^'    given    by   ihe     figure,    'r'ho    relation    of    this 
embryo    to    the    n^rr   Ir    nhown    by  Fig,  127,  ,\7here    the    plane    of   soot- 
ion   in    through   t:to    lo>;-   axi-^    of    the    eg.-    ,  but    tranm  With 


) 


roip'^ot    '0      '  rryoi  (Ooijparo   also  Fi/^,  109,  ) 

■"ho    or  :    inoron  \7li^t    in    '^ize    in    thn    oour:p    of   fl^'v   lop- 

mentjand    'Iso    ohTfjes    it"'     hape    in    -one      p?oi"    ,b'in{j   at    fir^t 
round,  then,  oval    and   oblong,    ""ho    ei-ibryo    o\]}^    one    p-ile    -f   +'•■'    ly^,! 
efjfjjso    tliat    tlie    lonfi;   axif5    of   tie    former    i '^    parillo-1   with   the 
s'jiort   axis    of   the    latlori    In    course   of  growth  however    the 
'i,T)-;^r'^  xi  HT  t  e  1  y   retains    its    pciticn    n.t,    fpB    end, while    thn    body 
grows    down    on    '■ne    side       '  egg, and   roaches    the    other   pole,  so 

that    ■  le    major    '^xis    of   the    enbryo    i-    n  .w   par'iioi    \7i  th    t-ie    lonQ 
axis    of    the    ovnir},        Most    pr'^ninent   now  are    the    optic    lobes    (Fig. 
111,0  L    )    ,  two    large,  oval    masses    of    cell    , which    ropr^-^nt    th<^ 
■■■>*'       '  J  .  r    the    future    :j      "■♦a  Ik.      "Tho      j    "    of   mo    t    prawns 

attain    to    the    stalked    condition    pretty   soon   after   hatching, and 
i '1  Astaous    thi^    .";onditio?i    i      reached    oompar    tively    oirly    in    em- 
bryoiie    I'ffljbut    '>^\   Alpheu"    +'i'^    adul+    <^Y'    i"    ■<^'^Y'  v   mobi  1'^ ,  "  i  noo 
it    i"    cover^'dby   th-    oarapaeoj^nd   the    stalk  of   the    larv^^l    oyeis 
novor   prorainenti    The    block   of    cells    (     0,  G,  )    in    olo:'e    relation 
to    the    first    ante^'  d    optio    lobes,  is    the    gan.^li  on    of    the 

former,  and    cons  t i  tu*:  c^    a   great    part    of   the    future    brain, 
It    "■v.''>    oquently   divi."-^'    '-to    .wn    ^j    r    '     '^,i!-;:    '.  leri'.-    me  a 
latimate    connection  w 


le    optio  ganglia,  and     r    outer 


I'. ex'    '0     he    first    in '        a    , 

'"'■  ■  m;    gos    (A.  1.    .-"dlld.  )    ro      li    ^imp]o,bii'  ■■'    '"^   n 

fjr^vT"      nt    from  the   under    "AAe   of   the    iGoond  anten'iae  j  tiI  gives 
theiu  1.    biTn.MOus    ckar^oteri      '''lio    ona    to    the    I'iff    of    the    figure 


n   1    •  (-^       ,''  V      ^  I 


f"  r!     it.      )  1i  0      f  i  T) ,         Ril  1^  i  raO  Tl  t  1     0  ^     t  }in     It!      n 


11  r 


illae    (Ilz.I.)aro    ^Iso   presenti    The   n-i.ndibles    very   soon   beoow'? 
bilo'>edjand    the    second   anten"ae>thG    I'^.rgost    of   the    'ippendi.ge'' j 
're    then    outstripped    in    length   by    the    first    pairi      The   gi.n-lia 

of   the    ante^mi-e    enter    into    the    brain, whi  le    those    of   the    mandib- 

-th. 
les    from  the    ^'--+    pair    of^thoracio    ohain    of  ganglii.,       ''      re 

united    to    the    brain    Hy    cords    pas'^ing   around    the    oe'^iphagus, 

"'he    abdominal    fold,'t    first    vertical    in    position, now   begins 

to   gr  ■'^    f  1  "^a .  d   and    the    anus   A, which    i -^      'tuate'^    -^  t    ^bout    Xhe 

mid'ilo    of   its   upper    -^urfaoe,;'  mteri  or  ly  (i,  e.    backward   in 

a   raorphol"gi  on.  1    sen-e)    until    it    oomo'^    to    lie    on    the   under    ^ido 

of   the    fold, near    its    tip.         Somewhat    later    ^1x%n    this, a   nedian 

groove    appears      ^t    its    oxtj.  oui  ty,whi  oh  inarks    the  notch   of    the 

^-^Ison   plate,  a    stil]    It  tor   "oquisition,      The    ;n^      of    cell      po    t- 

erior    tn    the    anus, I    interpret   as    the    fir^t    trace    of    ^  -rtCH) 

Largo   gr^nnl    r    cells    (MeO   :'-ro    seen   on   either   ■^idn    of   the      imx- 

illao    bolow   the    sur  faco,  whi  lo    ^pith'iHum   oolJs    arc    fr'^^ly   sprink 
l"d   over    th^    r^'^t    of    the    ogg. 


otion    thi-nu/^li    t  10    entire    crj'.:    (Fif  ,    127.)   '.li    ^■•^iX"    :<j 
-iriAnt    u"    beforo    pa^-^ing   on    to    examine    tlio    Ttruotnro    of    *,li 
nauplius    in    detail,'    "ho    abdomen    i  f^    her"    out    on   a    level  with    tli'^ 
anus    uid   lie"?    in   a  wide    j  shallow   j  dopre  3  ■  ion,        "^'ho   yolk     i 
ot:i.      ed    of    irrei^iilar    blocks, only   a    few   of  which   are    roproacntod 
'  ^  abound   i)\      vaouole-f=! j  i,nd   so'ttered   among    then  arc    numerous 

ylk    eel  is  J  in.   all    pijfts    of    the    <igr^.        Some    of    thc^s    (y,  c,  )    are 
-    ttlinj;      down    upon    the    ventral   nervous     -y  temjwhi  le    other"    (y,  0 
y.  0'.  )   have   wandered    far      nd  wi-e>  through    Vie    yolk,    "The    embryo 
is    raised      considerably  above    the   gonnral    suvf^oe    of  thi.  egrjj 
but    the    ohorionis    prcba''ly  more      tonsnly   ^tro<chnd   about    it 
ban    represented,    ""he    ■'^  cond   membrane    is    no^  shown    in    this    draw- 
ing. In    the    longitudinal    median    se oti on j Fi g,  125, , the 
comparatively    largo    size    of   the    abdomen    is    evi  dontj  al -jo    the 
-^hort    '^^ernal    region    between    it    and   the    oes  ophagus ,  the    relation" 
of  which, ^^ave   aire    dy  bo   n      lluded    to, 

""ha '  Ir.  brum  now   becomes    pro)iiBent    (Lb,  )jas    an    outgrowth   <".  f 
ectodery  above    the    mouth,      ""his    section    pa~    e       '    lit-le    '0    -r\n 
side    of    the    anus, which   oo«upies    the      no-iticn      marked 
'' he    bra'n    or    supra- l  e  ^  .>phag^' 1    '^  n;iion    ,  h-;  s    the    apjC'. r   nco    of 
com;,   ct    b-ll    (R.O,G   ), 
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Nui'ieror.^        ;p    -a      ^.nd      ;"~;'nl    tinr^    oel  M    (    .       )      11    ho. 
'out    tie    oesophigus ,  ind     noehifori!  y^lk   oells    (y.  1,      y.  0   )   iir.y 
'Iso   he   tra  u^d    from  the    rogion    of   tlie    ibdo;ien    to    the    surface    in- 
•'■■di'itcly   bohind    it,      As    in   previou"    ^tage-^    of    dov^l  opnantj  th'^ 
boundaries    of   surface    oolls    are    cisily   dcnon    trated,  but    this    ii 
not    '.he    case   with    t'lo    underlying    elf^monts,    Very    jtrikinr  .][<i 

reneral    ohar-^-oter      of  nuclei    or    ".ells,    A'^    a    rule      the       ^11    nu   - 
leusjor    yolk   oell    is    fill'od  with     iraali    and    I'^rge   gr   nules    of 
ohr oni'vtiq jwhi  oh    stain    deeply  with   kaeJiotoxylon, 

The    structure    of   this    embryo    i"    further    illu"tvatod   by  a 
serio':    of    11      transvefc    ^    otion      (Fig   ,114,124   ),  the    fir:'t    two 
of  which    out    the    opti       lobe^    and   ganglia    (O.L-  )j  'nd    the    third 
pas^e-:    through   the  .anterior    folds    of   the    brain,     (S.O  Q-,  ) 
■"he    oeli  the    optio    lo  boj  esp;  oial  ly  tho    outer    'iorjaro    largo 

"nd    column    rj    rd    the    siaallor    elements    of    the    brajn    stain    .;ore 
deeply  than    thoso    of   the    surface. 

Be  two  .n    the    lateral    halves    of    the    brain,  the  r-:'    is    a    slight 
:aedian   depros    ion    (Fig,  116,    M.E    )     The    three    Tuooending    ■:o3tion' 
pn.  -      through    the    oe'-ophagu^'    (Fir,  117.  ),  the    2nd   antcniae 
rai'-Hbles    (I'ig'^,  118,  1^9,  )      In    the    fir    S*^'-"    'i    •"•i^t"   '^^'1-Clo    ) 
ontering    the    appendages    from  the    yolk  a^o    vory  wo  1 1    shown    , 


\l30   tho    10  i^nnml'i  ti  on    of   spores    and   spori    ool]?!|    about    <  "' 

^lugus!,      Some    of   the    lit;or    n-iso    occur  within    tho    ap^icndigo  d  i 
Fi,":,118,)        On    either    ''ido    of   the    oe-^jphagus    there   ii    a    ooarse 
rotiouluin  of  prot'plasii   (Re  t  j  Tig.  117.-  ),  wi  th  wide   MO^ho '^ ,  fr  o  ■ 
''vo:'-  oell      or   y^lk  particles.      The    yolk  abounds    in   amoebi-fr-eja 
granuli.r    e  1  enonts,      f'o.'e    of   t'lese    (Y.  0,)aro    surrounded   by  proto- 
plas:iio   proce"    e    j  by  whi  oh   neighboring    oell':    imj  bo    unitedj 
%'',    "hewn   ur^der   high   povrer  t  (rig,  33,  0,  P   )        I'hey  aro    u'^uilly  ho^7- 
ov:' r  J  f?opar'^  to    jor   ■^t    lo«st   no    bond   beijween    distant    oells    oan    be 
datoot'd,      T'hoso    bodie"^    may   be    oomp'^.red  with   amoebae    ■'-nd  1- 

ro   dy   s t ""  te (^ J  thoy  arc    found    throughout    the    eggj  but    are   ."lost 
abund-^.nt   above    the    on' ryo,      'T'he   i!r,ndi '>ular   ganglion    is    sectioned 
ii   !^' g,  118,  ,whe  ro    the   m  dian   groove    CM,  T.  )    oan    -Iso    be    d-^tc  ot-:  d, 
■"his    i"    more   noticeable    in    the   next    sr  ot  i  on,  where    the    iiandibles 
theia'^  ?  Iv^^    aro    involvedCri  g,  119,  rNuner  ous      yolk   cells    (Me   ,  ) 
roaoh   tho    vontral    nervous    '^y  temjinver-ting    it    oo'^ple  te  lyj  and   p^s^ 
i'i;7   up   the    lide      of   the    bodyjto    f^ria  a    thin    layer, under    the 
-  ct  od6r!n(0' ,  '      '"ig;116    )      '^hese    coll",    booorae-    pindl"      haped   and 
ulti'ntoly  aro    conv«rt.'^i1    i  ti  '  n    iiiagol"      "^'i'^    i*^"'    a-iivr    '  ;  r,    -.    ^ 
In   -M  g.  121,  ,  the    entoderm  i-^      till    one    ooll    l^hi  ok   on    the    middl" 
line    (Ji, /,  ),  bo  two  t  n    tho    rudiiana  tary   "la  xi  11  ae  j  whi  oh   aro    hero 


touolied,      '"'^Ti    tip    of    t^o    nJirloinon    rIiowi    tlie    bucMing    zoneCB.Z,  )    of 
Rei  olionbaoli,whi  oil    ■>onsi''t'^      of   a    i^inglo    tier    of      large   granul    . 
nelif?,       In    the   next    r:cotion    of    the    "- nri '^    j  tho      laall    oponiTig    i - 
not   Fir;,  127,),  The    under    oonoave    faoo    of   the    n,bdoinen      fits 

olo    ely   into    the   median    furrowjand   its    dof'aljflnt    <3irle,pr" 
gain-t    the    chorion, 

"The   wall    of   the   hind   gut    oonsi'^t'    of   a    -single    layer    of   very 
large    ol  ?ra:nts ,  and    '    f^light    lumen    can    be      distinguished    (P.  122,  ) 
7he    octoderm  oell"    (Ect.  )    at    ^ho    -^ur  fa '>o,havo    sh^.rp   bound    rio??j 
while    the    spaoo    betwcn    the    intestine    and   bodywalljis    filled 
w' th    loose    imsi'^e^     jf   me    odern  which   have   notjas    yetja   very   dcfin 
ito   arn.ngemont,      Home    of   these   moreover    (IL  )   are    differentiated 
from  the    restjby   thoir    s:'jall    sizojand   greater    stainingroapaoi  tyj 
and   represent    the    rudi  inontary  abdorainal    -jusole^, 

■"he  plane  of  section  in  Fig,  123., It  at  the  point  of  junction 
of  the  abdominal  fold  with  the  egg, while  the  next  Fig, 124,  , pas  so 
through    t\Q    imn  :    of    cell      (H.  T'ig,  111,  )    behind    the    anus, 

Thee      arc    of   jae.sodermio   OEigin,that    is    they   are   yolk    oell^ 
which  migrated    from  the    abdominal    region,    "^^heso      wanderers    CIo    . 
.'ig.l24,  )   have   not    yet    roaohod    thnir    goal,'^nd    their    route    ■"•i^'    ^^o 
:.sily   followed   by  a    oorap^rison  with  Fig, 125, 
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lie   heart    takes    i  t -^    origin    in   or   near    this   ims?;    of    oell    • 
•"ho   yoik  in    the   vioi?iity  of   the   embryo    i"    repro    ented   in  loajiy  of 
th^    ngUfOs    alro^dy   roforrod    to,      It    o^n^i    t      cf    oorpn    rlo      of 
varion^    "ize    jand   of   largo    blocks ,  oontainiiig   vn,ouoles, 

Home    if   the^e    bodie      (A.Y,P,)arQ    gr^nul>r    'nd   often   hvo 
1    rf^o    1    oun      in    thoir    interior,    so    that    r-nly  a    thin    ri)ig    sppears 
in    the    <?eotion,      O'ho    oheraical   nature    of    the    vitelliis    is    further- 
altered    ,a^      he    ^Jurfaoc    of    the    ombryojwhero    it    is    broken    down 
i  ito    small    fragiaents,  so.ie    of  which    itain    lightly   in    haenotoxylon, 
■^'hey   resc.abl^    the    ■^pore^  ,.but    are    colored  lauoh    le'^^    inten-'olyi 
Wo   now   leave    the    ogjj  nauplius      with   a    rudiiaentary  nervous 
■^y- tein>  con-^  i  ^  ting   of    two    pair"?    of  gan-^lia    constituting    the    braiU) 
ii    front    of   the    oe sophagus ;wi th    optic    lobes    )r   undeveloped     y   - 
"  talk"  J -in  i"!      ■     lo''  +  ,  '■(^0    pairs    of  po^t      Tal    gangli-),      'inhere    is    an 
oesophagus,--',    ^hort    tube    closed   in    the    side    of   the    yolkjand    a 
hinil  gutjopeni?ig   by  an   anus,  si  tuated   near    the    mii'lo    of    the    up- 
p^r    side    of    the    abdomen,  and    ooniiuni  oa  ting  with    the    spa  no    fillod 
by   the    vitollus,        'T'ho    mosod:eri»i  i      di  f  f er^ntiated,  and    the    ont'o- 

eri!   is    r  epr'^  ■  .-'nteti    by    ;0:'-e    of    the    o*' 11      lying    in    the    yolk, 
■^'here    i'    no    evidence    of   a   histological    or    top'''graphi  on  1    nature, 

that    any  p-^rtioular    elements    are    destined    from   the    first    'o   give 
rise    to    the    inner    layor, 
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4. 

nPOKEH   find  PJilDOGENOUf'   CELL  FORTIA'i^ION. 
Oell    roprofluot  i  on    by   spores    plays    "O    iiujortant    a   j 
in    tlie    early  history   of  Alpheus,and   beside-^ji      a    question    of      10 
lanoli  general    into  r-'^ "  t ,  that    it   will    bo    considered   at    some    length, 

I    oall    the    bodies    in    queition      ";pore      "jpartly   for    laok   of 
■\    bet:er     .cr!ij-\nd    ',  1  s 0    beo'.use    thi"?    word    le'jia      to    define    then 
pr'^t  +  y   acouri  +  clyi      They  appe-r    C'rly   in   the    5th,    phasojthat    is 
to    say    IS    ^oon   as    the   naupliar    •append  ges     .re    outlinedjin    the 
rerjion    of   the    abdominal    plateja^fl   indeed    gonorallyj  dong    the    lin 
of    contact    of   the    foody^lk  with    the    embryo,    Their   numbers    incre- 
ase     rapidl;^  up   to    the    fully   developed   'igg  nauplius » when    they 
reach   a   mxiiaun,      """"hey    continue    after    this    phase   until    6--8j 
pairs    of   post      tM    ap^>end'ges     '.re    buddei'    off, when    they  disappear 
quite    rapi'Uyi       It    is   worthy   of   notice,. hat    by   this    time, a    rud- 
iiaentary   vascul'-r    system  is    pro    ont, 

"What   now   is    the    origin    of   these    bodie  .,and  what    beooiaes    ^f 

^  !i '      ?        I    beli'>V''    th'^r'^    can    be    'jut    one   answer    to    the    fir-i    jf 

these    qu'stionSi      They  arise    by   endogenou     growtli    from  e.i'iryonio 

cells, '.hi  e  fly   as    it   will    appear,  from  those   y)lk  el      '  which 

:iigrate    fro.     the    abdo.iinal    pl'to,".nd    take    p'rt    in    foriing    the 
.  ij  «ud'3r;  -i " 
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Fi<js.21.&  32,     roprosont    hif^lily  :uar^nifiod   portion'  aiM- 

ver'^o        ootion-^    of   tie    egg   nauylius ,  oor  re  sjondi'ig   nearly   to   Fig, 
117,jwliioli    sliow'!    tjie    gonoral    rolationsi 

In    tke    firTtjtho    oe  ;  opliagu''    (Htd.  )    T,p;^ie^rs    13    i    tubo   with 
oonspiouou-i    lumen,       It:   wall    is    oonpo-ed    of   alQgatod    irregular 
ooll^,      r.t    comes    into    oloie      relation  with    the   yolk  abovejw'iilo 
on    ei thor    side    thoro    ii    a    ooarso    roti culum  of   plasma    (Eet,  )>  oon- 
:-3oting    ii   with    ...luster"    of   meioderii   cell    jwhi'jh    lio   noar    or 
within    the    porket    of    the   appendage,      A  gr  mnl    r    /osidue    of    alter 
od   yolk   lies    near    the    00 s ophagus >whi le    round   about    the^o    arc 
frigmcnts    of   v^.rious    >ize    ■        Ilany   of    the    larger    blocks    'il    ^pher 
ulo      'ire   vosioulatod    or    otherwise    changed,  jand  hero   w"    find 
numbers    of    the    spore,    in    que!|;ion, 

"'ine    (r.)    are    quite    Si!all, highly   refractive    bodiesjquito    sii'j- 
:'lar    to    the    lu.ips    of    chr oimtinjwhi  ch   oc   ur    in      ontiguou.?    cell    , 
(Fig.  32.    Me   ,  ), 

With     are    one   nay   di  st  in;^ui  ih   a    olo^r    hy.line    body   irmnil    t,h( 

I 
larger    of   these    elnu'nts    (Fig,  32,  H,  ).      The    ombryonic    ooll;, 

whether    mosoderu  or    0  ctoderi'ij  are    oh  ir '.  ct  or  i  ZO'^    by   th<^    pi""'- 

of    larg<^    nodular    or    ".tollate      massos    of    ohromtin,      A   H'igle 

CL)li    jnay    contain    one    or    several    spore-like   nodule^, 


.^     1 


ai'bor    of    tlie  ;  H    nro    r  at)7  f^ '^ --ti  t  ■''fl    in    Tip:,  18    ,alJ     of   wli  i  oh 


are    drawn    to    the    same    soaloj'nd   t-'. kon-.from  the    sori'^s    nndnr 
viowjohi    fly    from  the    rogion    of   the    oei  iphagu''    "-r    abd'.io'i, 

It    ■'hould   be    roiao;  ibor'^d    that  wo    aro      dr^ling  with    sootions, 
and  not    i'l    all    oases  with   entire    oflllTjwhioh   partially  i. '^    ounts 
for    the   variation    both   in    the    size    and   number    of    these    bodi^^i 
Tji- ^      nt    in   a   given    celli  The    oonolu'^ion    >that    the    balls    of 

ohromatin    in    cells    djfjgj    etojaro    the    struUure<?   whi  -h  we   have 

-^llod   spore^jwhon    found    freo    in    tho    yolkji">    unavoidable. 
'^■"'ho    larger    spore    in    oe  1 1    fj    for    in'^tance>is    like    ooll      bj    with 
the    exoption    that    tuo    lat'er   has    loquired   a    soraatio    layer    of 
protoplasm,         I    therefore      regard   this    body    (oell    b.  )    as    a    spore 
which  was    set    fro     .    from  the   nother    coll,  and  has    in    tlie    course    o 
growth   acquired   an    out er j hyal ine    layori      Tho    numbor    of    spores 
which   may  arise    from  a    singlecoll    probably  v^.riesyand   depends 
upon    the    .I'^gro  :    to  whioh    tHe    division    of    the    nuolou':    ha-    been 
ovrried,      I''      "11      g,    ther^    '  ■    ^    "warm  of  gi  mules    of   various 

i  ze    .      "^^'ho    two    ^pore-    be    ido    O'  1 1      k,  jproba')ly   do   not    pertain 
to    that   element,         Sporulating    cells    of   a    similar    and   various 
oha r  '  ot e r  >  Ji'i. y  bo    ".  '    n    'ly  f\ 'v  nS-^.n-    over    the    d  rawi  ri.^q    -,  [ 
nauplius    and   earlier    phases, but    it    i'    hardly  noc  :j   to    rofor 


to    the^a    again    in    detail, 

^.''ho    pTionomena    of    endogenous    cell    foriaation    do   not    appear    to 
be    O'nfined    to   any   layer      or    to   any   one    spooial    sot    of   oloramts. 
Proba')ly      T    the    oq\U    in    tlio    ogg   aro,  ^--^t  i  al  1  y   v)0i0    ji-oduoor    . 
'"ho      ondition".   wlii  cli   are    most    favorable    -f-w^  this    metliod    of   re- 
prj'luction    jmay  depend    lirgo|y     upon    tlie   nourishment    of    u^u    ludi 
i  !iial    cells,      'i'liat   a    prt    at    least    of    +lie    superficial    opitholiuia 
posses. Ou      thi-    powerjtKoro    It      one   very   "triking   oa-^e    in   point> 
ri.iT,  36,  At   a    later    phase    than    the    egg   nauplius  ,when    6--8 

nairs    of   appendages    '.ro    ;iros  ont  >  ther^    apjoars    on    the    surface    of 
the    ogr-^jYory  nearly   opposite    to    that    occupied    by  the    erabryoja 
''uall    J   t  oh    of    cells,        This    I    interpret    froi'3     its    po:i  +  '    n    n.^ 
the    po-^    ible      rennant    of   a   nedianj  unpai  redj  dorsal    organj    ■     lo'jnu' 
t        he    strnottires   which   have    bo   n    dosoribod  under    this   n  une    in 
variou'^   A'throp^ds,      Beyond    the    fact    of   its    occurrence    and   sub- 
sequent   di sappear \noe      t    this    pointjl    cannot    at    presentjsay  very 
louoh,  Kingsley  notic^       ■         iiuilar    struotiire      in    the    enbryo    of 

Oj'aTigonj  and  his    account   up   to   a    certain   pointjagrees    p:rfootly 
with  what    I   have    so   n    in  Alphieus, 

1  ight    depr'' 1    i  on    T  0   ur      in    the  .^    -f      'i      iro    ,    nd 

on:    of   it':    cell      (whether  with    or  without   a    tr^^e    infolding   or 


not    ,1    am  pot    able    to    say   )iiaultiply   by  endogenous    div  , 

proiluoi-ig    an    iicreiliblo    nuiauer    of   spore '•  iwki  oil   pas';    down'-'' 
to    the   yolk  and    ire    'ii  s  tri  bnt  ed    tbrougk   a    oonsiderablo    portion 
"  f    :]ie    egg   .    Tlio    fate    of    tlii?;   now  army    of   rGCi'uits,!   have   not 
satisfactorily   followed, but    it    'seom'^    po  ;    ible    at    loastjtliat      key 
oontri  bute,  in   part?    to     lie    raesodermio   struoturo".    of   the    body, 

"he    neonnd   q^neition      a.T    to  what    becomes      f    the    '^pore    ,i      not 
0  1    ily   n  n  ^•werG  d,  but    thor''    i"    rvi  unn  c^-    to    ihow   that    ■^  "ne    t.^ 
Ie'-f,ar0    converted    directly   into    blo^d    corpuscle';, 

further    probable,  that    others     ^ecome    irdinary  mesoderii 
iv^ll    ,         ."^n      upi)Ort    of    the      latter   view, wo   liavo    tlio    fact    t-hat 

these    bodies    are    found    in    tlie    lobes    of   th.e    appendages ,  both   of 

_/ 
tlie    egg   nauplius,and   of    I'-ter    stages.     (Fir   ,  32.  118      R   :"    ) 

rurther,the    number    of      "-pore-    produced,!      much   greater      than    tlic 

number    of   blood    cells    pre  .^nt   at    t,he    tino    of    the    di  sappoar 'Qoe 

of   the    "'TDieri 

On   the    other  hand, the    spore    in    course    of   it"   growth  acquires 

the   hiTtological    characters    of    the    typiral    blood    corpusclet 

Hevor'^-l      orpusole^;    from  the    blood    "^  f   i.n    'dult   Alphemj-^ro    '^hovrn 

in     Fig,  19,  , and    others    from  an    embryo    of   the    same    spool"-    in 

Tig,     35,    B,  0,      They    con    i    t    of   a    cle'r    body, with   a    'le-'ply 


otainiTi:'^    Tinulir   nucleus  jwhi  oh    conforms    to    it    i'l    'ihapei 

Thi«:    last    figure    -liow'^    a    prrt    of    one    sidojof  a    transverse 
ctioiijfrom  a   well    adv-nood    onbryojin  wlii  cli    t-io    first    tra^^'^    '">  f 
ocul'^r    pijjwent    ooTurs.      "here    i^-,    a    stream  of   plis.vi,    (PI,  )      t 
this    ti. '6, which   bathes    the    ventral    nervous      y   teia,and   pas"e      up 
th:      [>}•-■      of   the   ani;  lal,  botwc  in    th^    yolla  and   body  wall, 

Numerous    blood    corpuscle      'if   char '. '' te/i  sti  ^    appear   n    Cj    re 
found   i-i    itjwhile    there    ajO    other    cells    0,Io    .  )    in    the   yolk,whio]i 
probaMy   supply   the    lateral    somatic  muscle      (i:Iu,),and    forii    ■. 
sort      f  neuri  lOiL  a,  or    connective    tissue    i^ic-'brano    over    the   ventr- 
al   ginglia  J  "je  twij'.u    the      plas.^o    'ud   vitollus, 

The    rcse::blanco    botwc   n    tho'Vspore"u    (Fig,  32,),  or      b.  (Fig,  18, 
"  oth    of  which   are    trtie    cells    in   the   morphological    sen^Ojand   the 
blood    o^rpu^cle      ju   t    referred    tOji'    quite     :irikingjand    i^    prob- 
a'ily  iuore    than    superfioiali 

Endogenous    cell    divi:won   may  not    be    so    rare    m    oocurren    e    in 
the  Arthrop-d   jr -n-n.-n,  as    the   n^agro    accounts   whi 'h  we    at    nros^rit, 
pos  ;e        on    the     subject  ^might    load   us    to    ^uppo    e, 

Eoiohonbaoh    ,  .:  o    far  i    '.m    '.wrojis    the    only    one   who   has 

given   a    detailed   ilosoription    of    the    process    in    oru   ta    ea,ind  his 
ob   ervations   ate  not    fully  accepted, 


I 


'^Ii  1^   work   ,- r    thi^    e  xoo  1 1  nn  t  obs  ervo  r   will    bo    r'^fTi'^fl    t,n    pr'^-^- 
cntly,        MoTt    iTUfire'^ting    in    tlii  "•    oon^^e  oti  om  j  are    the    Ttructuren 

-    n    by  Dallin.'jer    (18)    in    his     ;tudy    on    the    ori{?in    of    the    nuolo     ; 
among    the    monadis.      He    ;iw   the   nother    cell    or    cyst    bur">tjand  pour 
fourth   a    cloud    of   refringent    spore '^  >whi  oh    could   be    leenjonly  wit 
tlio   aigboTt    power  !,r  Thoy  arc    at    first    somi -opaque j  but    soon    be- 
ooKie    hyalinejand   strongly    refractivoi      Each  grows    to    beoime    ^ho 
nuoleus    of   a   new    celljbut    before    the    complete   nuclf^ar    growth    is 
attained,    ^n    outer    cell    body  and    fligell    ,    ro    d^'v    1  oped,  th  ■    l-t- 
!cr    from  the    nucleus,      In    this    case    the    extjomf^    linit    of  nuclear 
divif?ion    i      perhaps    rea  ohedj  bo  f  org    tho    liboration    of   the    sporesi 

(V.Nol.on'r    Significance    of   Hex.  pp.  28-29.  )< 
I-^^hi    Kawa    (15)    '"inds    peculiar    olera-^nts    in    the    ogg  nauplius    of    th^ 
prawn  Atyephira    compres sa,  but    does   not    trace    +heir    Oiig-n    o. 
fu'iction,      They  are"small    granules"    eisily    --tainod    by   logwo-d 
sTlutioujand    some    arc      f    considerable    size    and  have        clor    coll 
outline,      "These   arc   mostly   aggregated    in    the    Cjphalio   region, 
between    the    involutions    of  otoderm  col  Is,  but    aro    also    found 

in    all    p]  I  oes    ",    In    time    of   appear  i!noe,    nd    in    their    po8ition» 
he    "ay",    they   '^  n    in   to    c  ^  r  to '•  "I'ln  d    to    the":  i^  finri  .In.  j'y   iha  ■  o  ,1  ^  i- >  i    n/^l  i 
of  A  tacus,      Thi"      hort    deoription  with   hi^    figure        how    oondu'ively 


tli.ii    uiOTj    bodio".    arc    liircotly    'Oiupar'blo    to    ike    sporo::    ju 
:oribocl   in  Alph^u    jand   ttoir   hiitory   in    both    foriu'!    i  ■      probably 
t)ie     i..'iOi  Fig,  62,     of  lii"    paper    ■^Iiowt    a    lon,';;i  tudinal 
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,1 ;  -  - 


'"tion    tlirougli    tlie   nauplius    eiibryojand   n,f fords    ui    iiiter- 


e-'ting    conpafi^on  with    the    similar    phase    of     Alpheus, 

It    i  -    evidently   a    triflo    older    than    the    ogg • ropr 3^ !nt«d    in 
Ti'^   ,100,     115,,  of   thi^    paperjbnt    the   gcnr'^^al    '.grocmcnt   ho'^^^    n 

hvi   is    very  .aarliodj  csp.  cial  ly  with   rospoot    to    the    oharaotor    and 
positi-'i    of    the' so  oondary  laesoderia  cell    ', 

Thi      author   ha-    ole^,rly  loistaken    the    abdoninal    oleft      (!'M,rk- 
od  P'l,  )    for    the    pr  o  ot  3deui'i,  whi  oh    is    fonied   behind    the    lattor>and 
prO'''ly      •         'Tu*      ■ii'5      tage.      '"'b.o  wedgo-shapji  .  'p^..    x'ooo    of 
the    colls    of   the   abdominal    fold, correspond    exactly  with   those    of 
Alplieu! ,  and    indicate    in   both    oases    a   gr-'du   1    crowding      of   these 


1  '^  11  ■  ?i  t  ^    ^'  1^  1  ii  w    <■  b  0    "  n  r  f ' 


I  n  r      r,  ^     +  ^\  o     r):\  xt  , 


Roi ohonba oh, in   his    recent  work  on   the   development    of   th» 
Cray  n  sh|  Pi'i  36,     37,  ,thm    ".ura     up  ]ii      vi  ew^    upon    the    origin    and 
fu-  ctio^i    of    the    bodies   which  he    calls    "Sokund?i!ro  llc^od^rnz'^  1  Hn!' 
Dio    fraglichon  EleiT^Tit"    sind   als    Zell^n    zu    don  ton ,  (Uron   Kor" 
i  Tht    imaer    die   B'^  n  ohaf  f  •■ '     '  t    gowUhnl  i  ok.ir   ^'Jiik^rno    hab^'i, 
dioselb'>    a'^or    friihor    odor    spVtor    or  langon,  (Fig,  20,  1 1  ) 


nio   noh'Tin    ihr^n   Ur^p/urif?    i  nne  rhalb   derjonij^on  E'l  todoriizol  1       , 
w^lohi    din    vntralo  Wjiml    -  es   Ur'  ai-MsVokohens    zu    uninonset zon 
iT|von    -inn    i.Vher    zu    ':' X  f  ors  ohendo  Art    oncogene  r    Z*^!  Ibi  Idunjjj  1^"  i 
wnlclnr    dio    in    dor  Mohrzakl    in    ('.en     Ileianntondos   'ntodern'^    vor- 
iia?uionei   Keri*^      inn   wiohtigo   Rolle    zu   f?piel'>n    Toh'iinfl'n, 
I'    d"''    H'^n  Stailiun  D,    voranfjeliQnden  J  ntwi  oklu^'i^speri  oden   hat    jedc 

'I    0    .^r.'iz'' 1  li    mist    nur    (^inon   Korn;    dif"!    trifft    auoL.  nooli    zun 
T'leil    fifr    rUadiun  D,  zu,    Dild   ver'.ohren    sioh   aber    die   Tatoder!!- 
kerne    ganz   erlieblioh   und   endli  oh   beginnen    die    s^kundftiron  lleso- 
•  ■enazellon   aufzutreton,      Wenn    oinfl    grffssero    Zahl    dor    sokund-Vren 
iTp  q  0  ,ip  pvigfi  1  ]  oTj    1^1    fio>i        t  ode  r  HO  1  <>!  I'ln  t  en    lingonj'JO    -oheii*    '^i" 
Kerniiat erial    vorbriuoht    zu    scin,    .'  ^    wandern   nu"    aller  "^7'hrs  ohein- 
liohkeit   na  oh   diese   2el  louj  der'^n   Eflrnfl    aus  3heinend   'loob    in    der 
T"  tajnor ph 0 "5 e    '  i  oh   b*^  f  ind'"'' j  nu";    .le!'"  ~  ■ntO'^'^  r!  •  "^v."    ""^'^    l^prro'.   n      i  oh 
.i.t'^r    di"^      Mbryonalanlagei      Dio    botrpffcndnn   Oo.'itouren    des   '  nto- 
lerii';    la      e:i    oft    -i  o  oh   "puren    di  e  i  er  Wanderung   erkoi        ,    Ob    ^ie 
wirklioh   aktiv   au'?wandern    oder    ^uoh      'usge^to"    en   werdonji^t 
i.ioht    fe'^  t  ZU'!  te  11  nn   gewoi   n,      nio    bogobjn    -  i  oh   nun   uter    din 
Itbrigon  Iln    odennz'^  ll'^'i    ,t    •       i         in_l-       ioht    rielir    vo;'    irio".    zu 
;   terT  ohoi  dnn,    Au :    die   eiiGrund    f^fhrto    i  oh    f{fr      io    d^n  Nanen 

kundtfre  Jlo  Todernzo  1  Im"   nin,wKhrond    'in    altoron   TJf  i'i'zoll 


onj  m   ko!ipai:t  eren  Tlas'^en    zu  vorwaohson  j -^o    darf  .'I'n  wohl    ventuton 
,1    '  kuni'firon  jlesodernzol  l^n    (Mo   Blutznllf^n    li«f'^r"   " 


,-1  ^ .,  "  " 


A-?    already   inrlioatoil    tlioso    ^    oondary  !io'?  oderr!   o^ll 
p:ob'.  Illy    ooi' .espond,  inore    or    le"      directly,  to      lie    ip)re'    )b   ervod 
in  Alnlxeu-,       In    both    form"    fhef  ap^icar,    nd    -i -^ -.  _.  .e  "•  r      t    OO'    o"- 
jonding      base^.      In  A  tacn?^    for    in-tan  09,Rei  ohonba  ^h    first   noti- 

•■"      '.  liera  in    -tage   D,  (tliat    i  f?    ■  '         tlie    optio   di^o,tlie    thora    i 
n  '1.1 ,1  mi m  1    -ivorse^       'Mid    tllG    i-.andi^lf.T    arc     n:t]'Tind), 


nd 


They  reaeh   a   !aTziim:a  in    the    egg  nauplius    phase    (Stage   F,  ), 

then    speedily   ■"'^  or  "as  e  j  b.  ing  nearly   -^bsent    in    "tage   G.jwhor"      4 

p'irs    of  po:t    oral    '^  \)_)end  ges     '.re    _n'CS':nti 

"tage   D,  ,the    cells    in    que^tign   ajfe   most    abundant   u:der 
the    optic    \'  -  ^      (Kopf  la^i_  en ),  ^'  d    i"    the    region    of   the    u'l      r    li    j 
but    booorae   laore   generally  distributed   in    the    Qgr  nauplius, 
This    agrees    in    general   with  what   we   have    so.n    in  Alphem,  romonb   i 
ing    that    the    relation"    ^^    the    crayf^'-^^   '^  ^'O      Itc"^'"'    ■'■^    '■^  "    ''^ot- 
fhat    gastrulation    appe-^rs    after    the    optio   dism    are    foriaedjand 
that    the    invagination    i-istead   of    being   solidjas    in   iqo  1 1    prawnsj 
fom"    an    r'nolo-ed    oh'^nbor   within    the    yolkjfi''id    ov  I'l  tu"  1  ly  gi'O" 
ri-e    to    the   ne- 9nter on, '-■r   iddgut   of    the   adult, 


Tlii"    o]ia;'ibor    i '^    flattonod   or  or    %h.o    opbryojn,;'  x- 

^    r'l".  1    yolk  is   gradually     bsoi'ljed    ')y  tho    -^Ti'^oloria  ooll':    fri,"iitirf 
it"   walljwliicli  /Tro\r   to   .'^ir;antio    -^ize    in    con'^equon  i.n,      Tl  1m 

of   tlio    Lattor    lio    at    :Jio    poriphoral      cnd^    of    tlie    oill;,n'^xt    lh.o 
yolk,  and    thone    m    tlie   vontral    ^ide    of    tho    '^aokj  oppon  i  t  e    tlio    ymhv 
yi    ,    i^iv.e    ri  10,  ao   ording    to  Eei  ohonbaoli,  by  endo/jonou:^    cell    divi" 
_o.'i,    I  ■-    .iiO    ^:0oondary  luenoderrii 

Fi{j,20,    i-^    a    oopy  of  Fi^,  67,    Pla  te   8,  of  Eei  olienba'oli' s  work, 
and    is    introduced  here    for    coraparis:n,      It    ropi-c^'nt"      '^V'^ral 
ondo'^":"'   i^'^l'^    of   tli^    -r- lit  to]    w-.  ] '    t-i  P   +}^g    T)ririitive    d' g""  * '  ■'■'^ 
oav:ty,of    'he    gg'^  nauplius,      These    larjjo    oolunmar    elerimts    take 
up   th'^    yolk   di  re  ot  ly,{^raspinfj    it    by  prendojodia-^^jrolongat  i  ons    of 
the     0  '  1  1  J  n.ii'T  0  h^,     f"<?hion,     '"'liey    il"o     0'''iitivi     ri- v  t  ^m.  1  ■  v     -i-.-n  t.  .• -i|  ■. -^irjj 

V   cuoles,  '.nd  r.uole '.r   bodies  jnext    to    +he    vitolluii 


J i ni la r    structuroi    alio    occur    out"ide    the    nollijin    tho    yolk 

na-    ,      '"ho    :'    bodie      are    f^or^od  with   the   abuntl-iit    food,ar.i'    ny   be 

coiap    red,in    view   of   their   nutritive    oondi  t  iou,  wi  th    the    swollen 

granular    col  is    in    the   abdominal    plate    of  Alpheutj    (V,  ri;--,  85,  Y.  0    ) 

Ro  i  chonba  oh' s    interpretation    that    bhe  "sokundf^ron  Ho"?  od*:"  rjn- 

zilon  "    fou"d    i  I    the    yolk, are    sporef;    derived    from  tho      n.^odem 

o^li.iji      I    boli'^v'^    ,the    true    one, and    it    -■                     u^j^ji-,    ii.^n 
the    ib'!ervatijm      ab^ve    given. 


'■"ho    'lodies    n,    'i  i  (^,  20.  ,  pro'a    ly   oo  rreriMoid  1 -i  • 

on6'5    in    the    obII      o.f.  otc     (.  ig,  18.  )of  Alphou  ■. 
T„    lentil    r;n,  "e  ■    thny  1,  r  c    d  : :  p  1 J   r^tT-ining   raasTe      of    olirorn,t  in,  wi  th- 
■:nt    ex'ornal    envel  oposjwhi  le    onolo-^ed    by   the    laof'Or    oolljbnt 
wi  til    a    oloar    .soj'ntio   por t i  >. n,whon    freo    in    the    yolk.     (Ooiupare   Fig 
20.  K.II.(a  ^igs.  18.b.  ,6   125. S.O.    HO   ) 

Zn  Alpbeu'i ,  tbe    npors,  wliomot    fro-^jdoe'^    not   generally  po:}:©- 
•'    by!,  line    oont,^!?    f-r    'S    I    c '.n    ^nert-^^in,      Thi-'    '      pretty  good 
evidenoe    tbat    these    bodio-^    arc   not    taken    into    the    endoderm  oell'^ 
along  with   the    food   yolk, as    H'^me   have    supposed,  but    that    fhey  arc 
fii'i-^ed    in    th'^'"^    Ci3ir-,n.Tid   p^^aif    ,nit    into    the    vitellm, 

':.    have    soon   nothing 'in    the  Alpheu".    corresponding    ez  'o 

he    venioulatod   olom  nts    denoribf'd    for    the    orayfi ''h,  and  wui  oh 
my,  but    probably   do   not    represent    other    structure ".,  dor  ivoil    from  ■ 
'ho    yolk.    Fig   20,  m.  et  c. 

In    '.ho    -■'■•lonted     ;j;^    o  f  A",  ta  om,  certain  anomilou"    'i    '' i  e -^ 
have   be^rn    obs  ervod,whi  oh  Eoiohonbaoh    '"alls'    "white    yolk   olora'^ntT' 
'"•^'loy    oon'^i    t    of   a   pr'^t    plasmi  c,  finegrained    lubitanoe    ,ind    oon- 
TT    iininj    j  t;    ],io  i  0-' ■  jxylii    'i    give    them  a    frothy   ap  ",: 

They    lio    ilwys    ju-^t   under    the    bla<?  toderm,  or  'lo    con^r'^    of 

he    Tph3rical    ogg,^nd   'ti3apno''-r    very   soon", 


f  .  1 


}1 


'i/j.30,    (2^),o-ie    i:    drawn  with   a    small   nuoleuT      (      ': 

Nu>buiia  re  i   rko(l)jbut    tiii'5    i "    not    -I'-iioeu    :  ■;    .n"      '^X-j-'-  7   ''- 

-..Mental.      Tlioir    origin    and  history   i "    wholly  unlrio\/ 1«  but    thei 
Ji  Ttri  bution   and   general    ohar'',oter    lend    some    ^^upport  'lo   view 

■f  ^;u      '    .1,  tiiat    ukey   aro    converted   into    ""-   "  1- ry  i-ie '^ '^■'''^ ;')  i   c^ll 
E  7      (26)"I1    o-t    trb-^    probable    que    c    :    '  T  ii  n  t". ,  apr'o."    ivoir 

re'iu    Ir-Uii    jj.-anul  I  ti  ons    bri  1  lants , -^e    tran.s  ferment    en    oellui"'    d^ 


,1  -. 


foi.'    forri&e  .;  J  J: -i  grcnt    dan^    le   vi  to  1  iu.'5|  oo;''.; 'e    In      0'>1!ti!'>      ^nto- 
deriiique^    ''^    I'At'^ou      f  luviati  ii  ^    devorent    le    Titciiu^j    jil   n' <> 
pas    cton-na-t    qn'^veo      '^    d'^rnior    passent    aus"i    dans    leur    int^rieur 
1  0  T    0 e  1 1  u  i  '^  T    du   mt^  o  d  e  r  no      -i  o  on  da  i  r  e  " , 

Thi  ^      o'3m     plauiiblo    onoaghj  but j  f  or    the    rea-^on      alreidy 
given,  thero    is   no   good   ground      for    doubting   the    fact    of   en  dogenoil??. 
cell    divi.^ion    to   account    for    a    p'rt,if  not    all    ,of    these    el-im'nt^ 
Nu   bauia' .s    general    objection    that    he    consider     "uno    tramfoiii- 
ntion    d' u-'      oyau    en     .-e    oell  Jo    ooraae     mf   abs.rdito'  hi  "^  tol  ogi  que 
has   no  weight    in   view   of   the    facts   which  we   already  pos    ?        in    tl 
ubj'ict    of    cell    roprodu-^  i  "^. 

Stru  "ture'^    analogov  p    re       '  r  "    ecmdary  raesoderi'i  coll 


h-i.vo   be.n    observed    in    the    cgg:^    of    in    ect    jand  Bruce    (23)    figure- 
-i-tain    yolk    0011*^    undcrrroinfr    endoTenon      divi'ion    be'ieath   tlio 


.otoderra,  in   an   adv'',roed    ciibryo     '  f        spider 


.2 


OOMPAEISONS   and  GENTlRiL  nm(DL\IlY. 

The    literature   of    cnistaco''.n   orabryology  li-'.s    been    "o    re- 
o-'ntly   roviowrd   by   ^^.v.ral    invoR  t  igat  or  f^    in    thi^    f  i  eld,  (Pnoi  ohen- 
banlij   NuSb'um.    Kings  ley,  ),  tliat    any   ditou?;    ion    -leoo      arily   invol 
TOP    tlie    repetition    of   nracli    tliat   lias    alro'dy   been    s  ■  i  d, 

Hoine  points  however  jwi  1 1  bo  cons  i  de  rcd  ,  upon  -'lii  oh  tlie  obier- 
vatjons  of  this  paper  l)ear  most  di  re  ctly,  such  as  the  function  of 
"yolk  ■iuclei",the    origin    of   germ  layers    and    segmentation. 

First    in    regard   to    segmenta<-i  on  jAlpheus    belong'^    to    the    oen- 
trolecithal    typojas    defined   by  Balfour,  The    division    of   the 

yolk  is  delayed  until  the  boginni'ig  of  the  4th  s  egiuon  ta  t  i  o!i  phas 
that  is  until  the  appearance  of  16, nuclei ,wi th  perinuclear  proto 
plasm.  Partial  ;^iyramids  are  then  f orriedjwhi  ch  fuse  in  the  oonjion 
vitelhi"    '''•■    the    interior    of    the    egg.    This  or    a    sL-ilai    pvoce^" 

eei'i-    to    ibtain  with    the   majority   of   decapods, and  with   modi  fi  cat 
^ons,with  Arthropods    generally, 

Th  e    t  yn  o    i"    oli^n,  r    ono  u  r^h    ,  ^  o  +,  \v  i  '  li  ■^  1  n  -n  i1  i  ■ '  .f    t-  li  n      i-n'  ^  n  r 
•secondary  variations   which    different    orde's,and    even    speci         , 


B| 


hu '    in    Oranfjon    (25)    .■studied    by  Ki'irj"ley,    tho    protoMla^iu 
roaolio''    tho    ^urfioc    of   the    eg/^   boforo.tho    2nd   pliaso    of  nuolfi'',r 
divif'':!'^    ■       ocraplet  ed,  anil   the    furrow     lepar'ting    tho    yolk  ^^yraiaic 
'^    ;_)ra  ot  i  cally  absonti      In   Ht  enopu^  j  Hooordinjj   to   lay   ob'^ervati  onf?| 
the   prot 'Aplasia  travels    to    the    ■surface    vory   f^  o  on   after    tho    first 
Ti}i  n.  ■;  f>     n^    divi     '"on,     ''^'i     '^  '  R     :- P".'"^    c^-^  t  n,  i  t  i  "i  P"    two    "iucleiiO''n     of     f,1ii^'-f 
wa'    quite    "^upc  r  fi  oial  >whi.  lo    the    other   was  -nearej-'    tho    contro    of    t]. 
yolk,      "Wlien    the    3rd,    phase    of   diviriion    i      reached, thn    yolk  is    di 
v''"e      at    the    ??urfaoe    into   8   blastomeres,    by  d      p    furiowi    a?:    in 
Penaeus ,  figured   byHacokcl,  Each  nucleus    i -^      urrounded   by 

pi^rinuolear   prot oplasmj whi  oh    H    draran    out    into   a    retioulniTi 
The    base  ■    of    the    segijcnt'^    are   very   convex, giving   the    err   in    sur- 
face   vi  ew, '■•xa  otly   tho   appoar'.noe    of     -n-holobl    stio   ovum. 

The    =?'-pta    bc'tw   "    -^dj-^oent   pyraiai  ds ,  are   not    riarko'-    i"    subse- 
quent    stages, and   do   not    extend  very   far    below   the    surface. 

In  Hippa    talpoi  des,  the    first    -stages   were   not    observed,  but 
whr>n    about    64   pyramids    are    f  o  ;npd ,  tb  •    a?iinr'^    of    thn-'    r'^^ch   n  <"  ■  r 
ly   to    the    centre    of    tho    egg,     (Fi-.l     c:  4    ) 

In   PaeiQonites    vulgaris, Ji    have    obtained   one    stage   with    ivo 
nuclei    in    the    centr"    of    ^ho    undivided    yolk, a'"  tJier    (Fi  ."•,  24    ) 

•    th  about    32   y^lk    ooluioris. 


TliQ  !■        -!bl'->   King    l^y'       firjuro    of    t' 

Or   'v\  (      ,25,    ?1,1,  )Fi(x,4    ,whon    t\o    fir'^t    'inolo-i"    ha-    diviilo'^ 

'ito    16,    parts, laost      f  wlii  oli   are    '  t   the    surfioo.    In  P"  T' ononi  tes 
liowav^r  J  n..  1 1    products    of    ';  ognontiti  on    reaoh   tlie    surfaoe,wlii    ^     i 
not      rue    of   the    other   pra\7n, 

The    yolk   in    Orangnn    is    ?iot    "superficially  di  v' deu,  aooord  '  m{» 
to  Kinfji^ley.         "hi'    i'lay   be    ■"    "r'^      '"^      "•-"•■''"  t  i  ?n,  a  ?;    the    fusion 

'^   the    yojk  sphere-'    duo    to   the   action    "f   reagents,  or   effoot'^    of 
emb'-d'linfj    j'l^y   ea:5ily   obscure    the    r'^lation?    pre-^onti 

T'-     "Pn  ]   .  f.)  ir,ii  i  t  n -^  ,  de  1  3  rti  t  n      ■^     pta      (Fi{^,24,      nop.)     w1i  i     '.b     Tint:         but 

a    short   way   into    ^he    eg?^    ,  separate    adj-ocnt    sej^mont'?, 
A  I'^T^e    sphorioal   nucleus    (n )    lie^    at    the    base    of    o- oh   of    tlie 
I'.fer.      It    is    evenly   /granular    'Tid   is    surrounded   by  prot opla^in, 
in    co-'taot   with   the    surface    of    the    eg/^.      This    i^    drawn    out    into 
very   '^."l  i  oa  t  o  j  ra'Ii  1 1    thyOads  jwh.  i  oh   bran*'       '■  '  .19    i'l    the 

yolk,a'id   u   ite  with    the    septa    of   the    pyramid, 

Mayor'''      tudy   of  Eupaguru:^    "iliown    another   phase    (5),    In    thi  t 
prawn, 8   'luclei    ore    found    '  '    +i"^    '"t-,erior    -'^    t'''"   yo  Ikj  b-*  f '■>""    •ih'^ 
lat'or    is    af'^cctcd.             hon    divii'ns,not    simultaneously   into    8 
pyraiai  d^ ,  but    like    ordinary  holoblastio    ova    int      2,4,    and   8    , 
bl -^  g  t oiaere^  ,w)^ i  oh    'jo -n    fu    0    in    tho    in  f  nri  0 ,  ,                      nb    an-'.mi 
!  p^i'ion  ta  ti  on    jt      uperfio  al. 


A  •' ]    ■         '^  ,  rdin/?  to  T,i\,    va?i   Be'"^  lilfourj 

ro'^    riM'      ''upiuuru?    oxoopt    that    tlio    Qfjf;3    flivii'o    at    onoe    iri' ^    8, 
„,w..,..,     ■,i,"      oon    1^     •    "iiiilar   nu.iber    of   nuolei    are    foriied. 

"n  PI    e.'ion    (3)    the    go/j:'.ont'it  i  on    is    ref^uH  rj '^nfl      i    first 
to  al,      But    final  lyj  tlie    in-ier   portions    of   eaoh   oell    Tuno   to    '■'om 
71    yik  .in '^ '  J  ex  1  ot  ly    like    that   o  t"    ^lio    u-^ual    typoi 

.\  vriation    of   another    sort     '. ccur'    in    Oalian'^  s  ■  ■.   jieditGr.ane 
where  Mer^s  chkows  hi    (11)    Ae    oribe      the    bla"?  tod^  rji  as    ari:ing    <n 

:   -ewhat    peculiar   manner,      The    first    oontral   nucleus    divide 
into   16   parts, whiih   travel    to    the    s^ir  fa  oe,  and    foria    >    peripheral 
1    7?.    of  prot  jjl    si'3  enolo:iing   the    yolk,      Thi-?   gradu-^lly     o-.Junt: 
into    16   part s ,  cor  re- pondinj^    to    the   nuiiber    of  nuolei    pre-f^nti 

■^he      o/T;'iont":   a.rise    -  irml  taneou-;  ly   over    the    o|jfj,but    the   yolk, 
a":    in    the    oa"      '^  ^   insectiji      not    involved,      "^he  ^ ''      .■t-''. '  ^  i  p "  y 

without    affeotinjj    the    enclosed   vitollusjand    forma    I'^jef   of    t-^ll 
prisjaatio   eloicnts,      "h"    "    a"    they  bncoina   nore   nu. 'Orou^ ,  f  la  t  ton 
out, and   docrc''^c    in    -^izo.    "hor''    aj.^    no    y'' Ik  nuolei, 

ho      rayfish   appo-^rs    to   be    rather   laoro   ano;.nlou"    in    the^c 
rj.pj'jx    ,        H'j  ,v:i  vh."^  tand  iag-   the    fact    that    the   aninal    h    s    boou 

tudiod.   ii.orG    thor   ughly  po  i-haps    than    aLiost   any   other    art^i      j      , 
(by  EathkoiLcT'^boullot,  "  zkyjRoi  oh'TnbachjukiiT.owi  t  oh,  ) 


our     ;'i  wlofli^o    of    thi^  la    of   segj  lonti- ti 

■  u  oil    (16)    nat03    that    in    tko  Kui-ian    orayfi.Tli    (A^taou" 

lop+ odi  itylu-!    ),tlie    fir"t   nu'-leui   with    It-;    pli, -itij  p  '  t  o      to    tho 

urfioo    of    tlio    ogfjjT,nd   tlioro    undo  r/^oo.^    divi  "i  o^iTlio    nuoloi    whi  'Ji 

re    ult    from  th  i -^    prooe      ,  (tie    oxa-it   number    i '^    not    given)      pr    •  '. 

ovnv    tto    0;'^;'^>and   yolk   '^o^nont'^    are    fomed    xround    tlie.Mi 

"ir'5t    tte    Tepta    i-rc    supe  r  fi  cial  j  but    finally   extend   in,    early 

'.0      lit-    oen  tr e,wlii  oh.    is    on   upied   by  a    Iirgo      sphori'-.al    'jody   "■■•^- 

tiininjr   yolk  and    oil    dr  ople  ts ,  tlio   nature  oh   is    not    know^', 

Eeiohenbaoh    (22)      alls    t-hi^      the  "Central   Kyrper",  "^-nd    '.;fj|e?i 

with  okirakewi  t  Ch   in    con  ■  i  deij'iiij^      it    as    a    portion    of    the    unsegnon- 

ted  yolk, but    if    fate   has   not    been    followed, 

.locording   to   this    obj  erver,  tken  j-*!..']  ta  cu-^   would  be   an   example 

of   tha    G'"'"  t  r  0 1  e  oi  tha  1    type    in    the    I'lOTt    exaet    •^  on  -  n    of   ih.''    '  oriJi 

Wo    'huT    have    all    phaso'^    betwc    n   a    forii  like  Pal-ie-on 

\7h0r0    tho    s '^g.  ".nt  r'.i  i  on    is    regular, and      t    first    to.aljand    i:ivolve 

at    once    the    prot eplas]"  and   the   yolk,  to    oase"    like   Oalli  , 

where    thi^      d-utoplasja  undergoes   no    divi'Jon   whatever, or    like 

''-'aiigon,wher  ,■.?",      iy, .    -    very   '-light    ohan;;,u    ,i        :iy. 

I      "orae    in:ta^ic6'i     1,"    Stenopm  jand  Alpheu-jtke    yolk   i  •    divide 

only  after   a   given  nuiab           '          "                           '1,8      ;    16,             ^o^ 
O'^ly   parti  a  11  y. 


Fui'tliGr    itliis    (liv^nian    '^  f    tlie    doiit opla'in  ivij   h 
."^r    'lu   1  >  0  l'    it    !ny   t\]co    pi    oo    si 'nul  tan/3  ous  ly    iround      IJ    the   nuolo 
In    the    for;'i3   wlii  oil   I    kave    studipil  no    produot'       '' 
'i       Mr'^t   nuolein    are    loi't    over    in    tlie   yolk  after   a    bias toder;  i 
i         . vo  1  oped,  unlfl"      \j<^   ace   pt  Alplieu^    lainu-, where    tliii   was   not 
.!i      1"  11110,1   b'^yond  a    'ouliti 

Aingsley   find-;    the    ^aiae^trno    of   Orangon,      This    i      proba    ly   tJle 


rule  with   decapods  , although   tliere   nay  prove    to    be     nu;aerous    ex- 
o:ption'i,      .Vtyephyra    is    a    case    in   point    aO'Tordi^^g   to    I-^hi    Kaw"  (lii 
andit    is    to   be   noted    that    t\is    Tpeoie-    ha.^    a    total    and    regnl    r 
-soginon  t '.  t  i  on,      He    .say^  ".'IVithin    the   yolk-iegiaont "    ar': 
fir  nn:'iber    of  nuclei ,  pla  oed  not   at   a    oent^ejbut    rathey  at    one 
side    of   them,    Each,  nucleus    It    furni    hed  with   a    dark-staining 
nu  jleo  1    -■ , -^^I'l        1    yer    of   pr  ot  )pl"  "('^    ■■^■r,)  .■„■., -^q  a    i„  +  A    ..    ^ntioului', 

I   have  not    traced    the    origin    of   these  nuoloar    bodie    .         '     ' 
however ,  proba  jle    that    ^hey  are   dcrivot'.    from  the    sogmontaiign 
"Uolei,       "i    O'Q     or    tw^       f    ;iy    t  o  nt  i  th  r,    "^    have      ib':nrror1     tli    vi    i  >i     itfr.n- 
nted    '.  T    128   parts", 

Thi      la"t    re.  -irk  iu-i  i  go,  to.-    ihat    iiia3e   yol::    ol  "  ' 
as    he    ^uppo    e    ,and  ireotly   fro.m  the   blan  t  oder.'i,  a  s    in  Alpheu 


) 


.11    the   varict 


onta+ion   avid   bp' 3  toflem  fo 


'■■      vn     l^sori'ioii  aro    ro^  !ily   iicuoi ')lo.  frovi  a    o'so    like  Pa  ]  i,  cionj 

,1,    ^   Tlerc^  ohkowThi    ob  ;  orvo  • ,  tlii  "^    I'lay  havo    be   n      tli'^    pr  '    I't'vo 

type.    And    fu   thorjit    is    not    rliffioult    .o    oon    eivo   How..fraw   t^i';^ 

•b  la. ''tic    ova    jf    ■^uch    for;«'    as    Oni    on   ,IIy   i    ,  S^.orpi  o,  ■.  uld 

be    l'>rWo,'',      T7o   wotilfl  have    tb  i  s    r*^   ult    i."iviefl  i  at  cly  aobiov^ 

rayfish.    for    in^tanoejif    tkn    prot  oplasja  wbi  oh   ."ligrated    to 

Lbe    sur  fa  ce  J -should    re-'iainj  and   build    up   a   ger.'dml    plte    -xs    uj' 

2>'il9,  in^t  ead   of   diffusing    i  t "  e  1  "   over    the    egg. 

On    the    subject    of  Arthropod    "•  eg.'ientat.  i  on   Kig-^ley    (25)      -^ ; 

"The    pro  topi"      '      ■  g.jont:  j  the    yolk   in   ;ao-;t    hexap^d       "i''      -Me 

cru    t''^^*^"    does   notjbut    tbi^    7^1^   in    either   group    i'    to    be    regard 

C''  upcrfioial    r-^ther    than    central^  -'.nd    the    term  ootoleciuhal 

though'-    nnt    •n  e  r,  n  <? -:  ar  yj  i '^     far    l .' '^  ^  "  .' '■  bl  "     to     -nrlo-     -v     r.  (-"iitr'^-lo     i     b 

al,,r  The    nu -lei,  and   tho    surrounding  pro^oplasin  are    olerly 

1 0    b  e    -1 

th^   yoll:   itself, i-^    a    sooondary   fo'^turo,    ■~'ho    quustion    of   teniinol' 

-^gy   in    t,bi  '  not    -^eeiu  to   be    ijaportant,  ina^.  moh    a^    tJiere 

arc    ^ll    V    riot'-"    of    the    typ-.      "^eth    r    llO   protoplasm  lie 

the    c-ntr**    of    the    i^gt'^   at    first,  or   no'.,a    oentT-ole  r'.i  thai    f.nv  ' 

is    eventually  attained,    Balfour    reoognized    this    in   hi             initio- 
" "   ',  ■!  ^ LiULmi . — . 


"^h'l      .igjinnta  tifc'on    of    the    yolk   i  i  l:o 


-p-<  ird<.-~t.n 
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K'^       ly;      "As    I'lifjlit    bo    antioipated   on    *ho   itt^, lor^y  -p 

'  'itntion    ilro'^fly  dcR  ori  borl,-tho.  oon  oon  t  raf  i  *n    ^f    llio    [■•t\ 
y^lk  at    iJie    o'ntro    of   tli''     ivujh  dies   nit    always    talco    pi    oo    b:'for( 
!^ '•ij^iionta  vi  "^^i  J  ^'^^'    I''    "ojieti.to't    difryril    till    ov'-'n    it'i    lator    nf,a(j(3 
of    i li i  T    p r  0  0 e     " i 

"^■1    n"      t  i    •'1    n-    t     ■,...:. lie r    tliG    fir-^it    ]»Jiano-     of      ognontaHon 
are    to   be    called  "oclls''    or    not    involves    iieroly  a   definition    of 
■  r  •   .       In   a   pkysi  ologi  oa  1    senile    all    independenijuas  ^e      of    ohro- 
:rtin    are   potentially   cell'5,        The   undifferentiated    ohroiiatin 
is    tlie    e^    'nt  ial,  and   the    :5urrOTindin{j   pla,7;ia      i,nd   ;!e:br'ne3j    jc 
t'l        '  --■•1  .]■' i-y         '    i.ioidental    ^^--^ — r^-e-rs,  "he    Tnore      tart^    •' ^ 

',    ^isnple   ma:      of   thi "    peonliar    sub  '  t'^noe  j  dc  rived   by  division 
fro!'!  -1    1    ige.'     '   ss    Oi    nucleri    ,  '.nd    beoojnes    the   nuolev.-    of   a   7iev7 
,  ••  1 1 J  n-;  p,  n-.n  ,li  ig    it 'elf  with   protecting   ric^brane"    '^  ^    i+        '^" 
.  akoi    T'he    ohro;iatin    n^   nuolein  which    is    -Ton^ierved    for    rep/oduot- 
i.in,!'iay    c^ver    itself   jacording   to    its    need^jwith   2,or3,  m-    pe    - 
haps    inire    cmoentri'    onvnlo-io    ,         t    i"    no   .m-re     if   n    noil    howev- 
orjin    the    funda.'nental    sen'^e    than    it  was    beforei 
rro;'   the      Tph^l'-gi  ca  i      pvint     :i    view    ,  on    the    other    hand,\/': 
reoTgnize   various    stadia    in    the    uevcl  opinion  t    of    cells,  In    tho   fir- 
plaoo  wo   jT«i,y   rcg'fd    tho  whole  ith    its    nucleus »  po  ri  v 


'i'Ot'Vi]  yt  ">;)la3!n,  wi  th    it"!    di    forontiatod   pr  O'tuottj  (•■ 

'  : :'   )'io;)bn.n6    jif      t    ln,VG      117)1  ^^^    ^^^    c,  ,  nn.,  .1.  ^y   -lout  opl",  3."], 
■in-!  ti  t  lit  ing   tie    ooll    in    the    )iiorpliolofji  oal    :?  oiv  0  , 
"'   ■■     lof^inaliy  \7e   lin.ve   ".    syimytiuji]  in    tlie  Eupafjiir-as    or  Alphei 
••'-jwlien    8  nuclei    aro    forj'iod      boforo    soJjMontat  i  on    i,'f""oct"    -i  In- 
yilkjand  we  li"-vo    two    00  lis    in  Pal-^.  oJ'^on    or  Atyepliyr'^.  jwlien    tlxe 
\r!iole    ?{fi;i    or   norpli    I'^'^^ical    unit    div'def?    into    i\^'i    partsi    r  we 
li".vo    16    o'jll;^    in  .''.Iplieusj wlion    tlio    firit   yolk  pyraj^id   ".tage    i '^ 
roaoliod  ■      In    this    case      tte    oelli    opon    by   tk'M  r    oontral    ends 
i  ito    the      ooramon   y^lk  .oas".    By    c^nti-iued   'Iivi".ion    of    tlio    pyra;a- 
id^    ,we    got    ultiriatoly   the    superficial    ooll    of    the   blast odorra, 
■  r      f    'ke    enbryoj  0 jntaiuiing   only   the   nucleus    and   protoplasm  at 
i  ■  "-    leri  ik'^'^l    ondjwhile    it    is    in    contact   wi  .k   tke   yolk   be  1  o--', 
Tie    colls   wki ok   are    in    ludod    in    tke  yolk  at    tke   gastrula   pkasoj 
or   which   are    crowded   bolo\/    the    surface    at   a    I'^tor   period,    are 
units    of   the    same    kind, although   tjieir    cell    bonn.iarie'i    n'^j   ^c 
lo-^t,      '"'ho    •ilo;a:>nts   whi  oh   pass    into  Ik    to    take   par+    in    :;hc 

.]-^oder;i    Ji    endoder;!, :  Lay    lose    thiir    outer    plas.ia,  md   bo    d:gr     .0 
to   nuclei    in    one    aensejbut    raised   to    the    dignity   of    oell^    in    thn 
higher    functional    seme  fas  "hown   by  their   powers    of   reproduction 


Again    ,  frorj  n    physiological    s  tandpoin  t  jwe    vmj   rogartl   tlio 

s  cfjuonta  1 1  o:i   .'luoleu''   witli    itn    peri?iualear    roti  .ulun  as    tlrn        11 
or   unitjand    i  t '^    pr  oduot  ^  ,whi  oh   appe^..'  lave    tlio    looorrt    r    p  w 

eri5    }f   anoebaGj'S    ocll^    without    definite    boundario??. 

"^ho    yolk   i'    evidently   a    ■secondary    ■  oqui  ^  i  t  i  on,  but    the    segmoi. 
ta^ion    '^f    this   about    the   nuclei    and   pr  ot  oplasiu,  ;ius  t    be    due   Merc 
ly   to    ^he    inherited    tendency   of     he    oytopla-^jQ  of    the  whole    oill 
^'•)    fake   part    in    the    division    narted   by   the   nucleus, 

"We    jnay  have    jof    oour'^Ojnot     -nly  amoeboid    cells,  but    amoeboid 
nuclei    or    nucleoli    or    spore-, and  we   imj   rog'i'd   those    functioual- 
ly,    as    units    of    equal    value, 

In    the    prr>vious    observations    the    various    elements    of    the 
egg   and   e;abryo    ■  :Q    goner    lly   iefoi'/od    to      in    the  yjorpho  logi  cal 
sense, but    there  neod   b"   no    confusi on, even    if   thi"    rule    i^      not 
t  r  i  c  1 1  y  adhered   to. 

The    origin    fi'  '^    fu'  otio-i    r,  f   yojk  '-luclei'     in    general    is      n 
subject    on  which  new   observations    are    greatly  need'>d,It    is   with- 
out   much   doubt    irue      that   all    the    chromatin    elo!j?nts    of   aii    eg;];3 
'.re    dorivod    frou  the    first    nucleus, and   that    the    apparent    spon- 
^areity   in    origin    of    such   bodies, i-    due    to    ii-jperfoct    knowledge. 

By  "yolk  nuclei"    or   y^lk'     cells    are   hor "     ■     "*      i-"""    ■'—die 


whi  ell   appear    in    tlie    tlout oplasia  boforo    tho   gorjiinal    Ivyo  .0 

fOiV'ied,  0  fton    s  i:  inl taneous  ly  wi  tli    tlie    blastorler:'], 

Nifibau.!   (26)    conolvides    tliat  "tlxey    fake   no    p^rt    in    the    forji- 
afiin    fi'f    tli0f,Gndo<lern,  tlie   .'usclo^    and   other    coi''pli  oated  ."lesoder- 
;  d  0    organsjbut    '^erve    for    the    absorption    and   nodi  f  i  oa  ti  oii    of    the 
yilkjas   well    as    in   part    at    least j for    the    formation    r?    the    blas- 
toderif  I      He    r':'gards    the    secondary  laesoderi'i  cell'^    of  A  tacus    in 
thi ^    light.  We   have    shown    that  Eei chenba oh' s 

interpre  ta ';ion  of  ihe  origin  and  fui'Otio-i  of  these  ^tructuro'^ 
i  ]nore  probably  the  correct  one, and  the  spores  of  Alpheu  j 
whether  analogous  r  n^t  +  'Neo  ndary  pie^  ^derr/',  certain  ly  do 
not  fall  into  this  oategoryi  In  fact  there  are  no  bodies  in 
the  (i^(^  of  this  prawn  which  ful  M 1  the  conditions  above  giveni 
The  cells  which  migrate  from  the  blastodem  into  ^he  yolk  be- 
come indistinguishable  froii  those  w^ich  join  theia  at  gastrulat- 
ion,ar:d    ill      ppe    r    to    take    p-rt    in    forming    tissue, 

The    J    fir    t   migratory  yolk   cells    joay  give    rise    in   partj    to 
ihe    endoderia,as    ;!ight    be    predicted    from   the   general    functions 
of    this    layer,  but    exactly  what    this    part    is    I   aia  unable    to    de- 
t  erminoi 


Tli9   gorij  layer    of  Plirygi.ni  da    CN^oophal    x)    (13)      re    shown    hj 
P^.tteii's      luilio      to    pre      n  i      oue    intero    ling   analo?;ie^   with  wlin  t 
lin,si    l)ecn    o^'-erved    in  Alpheu",    Tlio    laorpliologi  oal    vn  lue    of    the=" 

inilaritios    i'    proba')ly  not   great, yet    they  point    to      he    fact 
iliqi      ■'i?    significa..    c    of   the   gorminal    I'^yers    in    the    narly   stages 
of    certain  Arthropod;?    ,has    been    profoundly  modified. 

In  Neophalax    'S    in  Al;->heu2    all    the    seguontation   :!uolei    take 
p    rt    in    foming    the    bias t odern, whi  oh   becomes    thickened   at    one 
pole, and   gives    rise    to    a    ventjal    pLxtOi    A  protoplasni  o    cap   or 
bl'Stei'ia    is    present    in   thi      inject    egg, as    in    the    eggs    of      one 

pider    •  Yolk   cell      or  "endoderm"    arise  "    froii  any  point    i"! 

the    blastodern  by   delaiiina  ti  on,  and   this    prooes";    jnay   continue 
.  V' n    lifter    'h'""    bias  toderiu  has    been    oonvertod    into    'h"    -r.^-nfral 
pl^te''.        Patten    states    that    the    greater   part    of    these  'yolk 
cells    ''    ultimately  give    rise    to    the    epithelium     of   the   .lid   gut, 
and   hence    are    trtie    :ndo'lfir!i,      This    is    analogous;    t:    the   .'ifTation 

f   bias  t  odemi  0    cell;;, whi  oh    take    plajo    in    the    prawn,  only  I   have 
not    been   able    to    trace  with    'ertainty    :heir   ultiiaate    fate,    and 
in    this    oa-s  e   I   had  no    'otual    pro-f    of   delamination    by   karyokin    - 
etio    fi guros , although   dividing    cells    both   at    the    surface    and    in 
the    yolk  were    corarn':nly  ,   .'Qot  withi 


Tlia  t    soMie    of    tlie    blastoderM   oells    .vnigrato    at    onco    i  he 

vi  t  el  lus  J  bo  for  e   'spli  1 1  ingj  i  ^    abundn.iit  ly  skown    by  tlie    figure-? 
i  Uu'  traMnfj    thiF;    plia^o.     (Fir    .  87--45,  ) 

A   furtlier    point    of   r  e-^  einblan  ce    i  i?    that   at    gas  trulati  on    botli 
nesoderii  and   yolk    cells    are    formedi    Tke    la  t  for  j  howev^  r  j  do  not 
appear    at    onooi      "   After    the    segmentation    of    the    jies  oderiij  certain 
oells    aro    observed   in    stages    of      eparation    from  tte    i"esoder;  ic 
ogiiont -- jwhi  oil   proba'^ly  ."ligrate    into    tie    yolkjand    tken    oa^^    "^ 
be    di  s  tingni  shed    from  tlie    ordinary  yolk   cells  "    , 

The    yolk    cell^    of  Oni    cu     were    dorivd   by  Bobretzky    (l)from 
the    gerninal    6: 'i  nencR  j  but    their    function    is    not,  aoc.  rding    to 
Nusbau!'!   (26),  t-    for;i   the    endodem,  but    to    digest    'ho    yolk, 

In    spider':    (Agelaona  ),Lo  cy    (20)    finds    the  "yolk  nuojei"    to 
be    products    of    the    first   nuoleu"  ,whi  oh   are    lor?t    over    in    the    yolk 
and   never    roaoh    the    surface,      They  multiply  and   are    very  numer- 
ous   at    the    ti-jo    of   hatching, 

Balfour    (7)    found   similar   nuoleijwhioh  he    thinks    not    only 
form  the  walls    of   the  hepatic    coeoa,but   also   that    they  are      non 
tinually   being  adde-1    to    the   mesoblastic   plate, 

In   insects    there    is   probably    considerable   variety   in    the 
origin    of    these    structures, 


Bru'-c    (23)    nonrludeT    that    in     TLyulopt  eryxCLepi  dorter )    tho 
yolk   cells    are   undi  f  f  or  ont  ia  ted   prO'luots    of   tlie    Tegmontation 
tiolen^   wlii  Vh    '.ave   not    readied    tlie    surfa'^.Ci      As    ju    t    "oonjPattor 
finds    the    reverse    true    in   Pliryganidsi 

Accordingly   it    appears    that    yolk    cell?    iii  Arthropods    at 
lea'^tjar'e    derived    cither    (a)    directly   from  the    first   nucleus, 
and  n?y  never    re- oh   the    surfaoojor    (b)    from  the    blastoderm, 

Their    fnnctiou    is    not    in   all    oass:    ile-irjbnt    i  ■=:    proba'.ly 
vr'.rious,      They  may   or   laay  not    take    pa't    in    forjuing   tissue,  or   iiaj 
ot    as   yolk  diges ters, whether    serving  another    function    or  noti 

As    regards    the    origin   of      the    inner   geriainal    layers,  the      ob- 
-ervations    given    in    this    paper    are   not    altogether   in   agreem:nt 
with    the    commcily  accepted   vicwsi 

Tho   iT'Fioern  in  Alpheu      has    probably    i    oo)i. osite    "irigin, 
It    is    partially  due    to    cells    budded   off   from  the    la^er'il      and 

iitorior    bo.dei'    of    the   gastrula    deprcs-ioni    Some    of   these      tiig- 
rate    into    the    yolk  and   thence    by   a    oirouitous    path  wander    to    the 
anterior    parts    of    the    embryo,      They  may  multiply   endogenously 
'];ivin:":    rir:e    to    spore     which   sub   equently     play   the    ^i>i,rt    of   meso- 
derm cells.    The    coll    mas      forj.dng   the   abdoidnal    pli  te    coutiiiues 
to   reooivo    r'^cruits    froin  the    -urface    cctodcrjn    for   a    considerable 


pjiiod   after    tlio   blastopore    is    ob'^onred, 

EotoJerm  oell-    on    tlie      urfaco    of   the    egg  jiultiply   ondogen- 
'-.nUy,and    send    spore      intotke    yolkjwliioh  without   louoh   doubt    » 
are    'i'^ "  ■  der;  d  c    in    function,      It    'leen-    hardly  probaule      that    tho  i 
odie^  would   "lie    forned,and   then    forthwith  absorlied, 

The    enuO'lern  arise-^    fro;'.   certain    of   the      yolk   oel^jbut    a<? 
the        havo   various    souroe^iand  are   not   histologically  different 
it    is   not    po=5"ible    to    iraoe    their   primary   o    igln  with    certainty 
""his    inquiry  may   really   be    unimportant j  since    thoro    are    re-isons 
for    believing   that  all    the    cells    in    the   yolk  are, up   to   a    cer- 
tain  periodjunspecialized, 

King-^ley'      ac   ount    of   the    proces^-^    of   g  atrnlation    in   Oraugoi 
(25)    is    much    simpler, but    this    may  be   partly   owing    to    the    fact 
'hat   his    laaterial  was    incoiople tOi     (In    this    connection    compare 
his   Fig. 9,    Pl.l,    with  Figs,  49.    55,)       Ac   or  ding   to    this    observ- 
er,the    invaginated   endoderm  cells    pass    vertically   into    the   yolk 
as    a    solid  massi    Thi        ub   equently   divide':, one   portion   gning    to 
.he    region    nf    the    t  t  omodaeu;  i,  whi  le    tho    oth    r    does    not    greatly 
chanf^e   its   po^^ition,    Later, both  unite, join    the    proct  :  daeum,  and 
forn  the     lidgut,    "Through   all    of    the    larval    stages    tho';e    .ndo- 
lerjial    cells    can   be    ro'dily   recognized    from  the    fact    that    their 
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nuolei    stain    1  o  s "    do    ply      than    those    of   iae<5  odernal    or    eotoderi'i- 
al    origin".      His    account    of    the    origin    of   j'lesoderii   i"    lo        dof- 
inito,      It    ari'^O'^jho      ay^, cither   wholly      or    in    pai't,froi'i   the 
lateral    md   -interior    sides    of    the    blastopore,      Ho    "^aw  nothing 
that    looked    like    budding    of   iiesedrn  c^lls    froi'i  either    ootoderi". 
o_    oudoderri. 

In  A^tacu''    (22.)    the    conditio^''    are    altered   by   the    charact- 
er   of    the   gastrula,      Here    a    considerable    nro      of   superficial 
•Tolls    i      invaginated   in    the    form  of   a    circular    pl^te.    But    before 
this    happensfthe    o;)ti6      disoT    have    made    their   appear   nooj    nd 

Iso    the    rudiments    of   the    thoracic-abdominal    proces^i 

At      this      time    (Stage  A,    of  Eeiohenbaoh)    the   mesoderm  is 
r  epro ' 'I'nted   by   large    colls    bolow   the    surface    just    in    front    of 
.he    endoderm  platojthat    isjat    the    anterior    bOider    of    the    future 
wall    of    the    gastrula    cavityi      They  must    evidently   arise    by   act- 
ive   division    of   the    eotoderra  at    that   pointjbut   Eeiohenbanh   does 
not    detfrmine    their    origin  with    certainty,      Af'^er    invagination 

he    mesoderi'i  occupies    the    space    b.twt    n    the    ectoderm  and    the 
anterior   wall      of    the    gastrula,      Thusjto    this    efiectjho       :iyr-- 

die  El'-m^nte    d'~s    mittlcron   Koii^blattos    an   dor   Uborgangsto  1  lo 
dos    aus'^crcn    in   das    in'  ere   Blatt    an  vorderon  Urmundrr'?  '    ihren 


Urspruiig  nehnen,    Allor  "Walirs  ohoin  li  ohkei  t   naoh    lagon    soino  Urz 
nllin    frifhfir    in    dor   Kugolober  f  la  olie    der      Bias  tOTphaer-'    und    go- 
1   ngen      duroh  Ab^nlmurung   und    lebli",fte   Proliferation    in    des 
fragliolien  Region    in    die   Tiefjwo    sie    ■?  i  oli   bald   vormolirtjn      und 
ilur  oil  "War  de  rung   verbr  oi  ten,  um  die   Bos  tamltci  lo    dns  Mosodern^    ilor 
vrirf  ohiodonfin  Embryonal  regi  onen    zuzufu'liren   "    ,  (No,  22,    p    18    ) 

In  stage  F.  when  tlie  rudiiaents  of  the  iiandibles  arc  forced, 
the  secondary  nesodem  cells  have  'ippeared,  The  nidllo  layer  is 
jiore  extensive,  and  its  elomonts  do  not  pink  into  the  yolk, but 
keep  clc^e  to  the  ectoderm,  It  as'^ume-  greater  and  greater  pro 
porti  cu!^,  and  in  the  egg  nauplius  phase  ^how^  traces  of  "segmenta- 
tion, It  extends  forwa:d  from  the  anterior  wall  of  the  priii 
itive  digestive  cavity  and  is  bilaterally  symiaetrical  with  resp- 
ect to  the  long  axis  of  the  embryo^  Here  as  in  Alpheu",  the  la^'^o 
dsrn  has  not  a  simple  origin, and  the  analogy  betwe-n  the  second 
ary  inesoderii   oelln    and    spores    has    ilre-'dy  bcuU    shown. 

The    comparison    betwe   n    the    primary  .aes  oderiJ,  whi  ch    is    probab- 
ly  derived      froia  superficial    colls    before   gastrulation,    and    the 
elom-'nts    composing   the    abdominal    plate      of  Alphous      i"    lo  ob- 

fiou"iOf    cour:e    the    relations    of    the   yolk   to    'he    endoderra  in    the 
two    forms    is    revCi'frod, 


3. 


Aocording  to  Bobretzky  (3)  the  ondo'lerm  or  hypoblast  in  Pal 
aei'Joiijwhi  oh  is  derivod  frori  the  bottori  f  .he  gastrula  oo.vity^ 
multiplies  in  the  yolk, and  quite  fills  it  .  The  vitclluR  undnr- 
doep  a  secondary  segmontat  i  on,  into  a  great  loaER  of  "yolk  oeli'^" 
with  largo  nuclei, at  first  di s tin ot ly, but  la^er  indistinctly 
separated  from  each  other,  These,  ropros-^nt  the  cndoderm. 
■/he  iT^soblast  is  -^^uppo  ed  to  arise  as  alredy  described   in 
Oraugon.  In  Atyephyra  ,Ishi  Kawn  (15)  con  - 

eludes, on  not  very  clear  evidon oe, that  the  endoderra  is  derivod 
fron  the  invaginated  cells  which  p^«^  into  the  interior  of   the 
yolk  at  the  gastrula  phase, and  become  indistinguishable  from  the 
nuclei,  already  present.      The  mesodern  i   derived  from  the 
anterior  side  as  well  as  fron  the  bottoa  f  :he  cavity  of   'he 
gastrula.   There  is  every  reason  to  believe, as  already  stated, 
that  the  secondary  mesoderm, whi  oh  he  describe'^  ,  arc  spore.":, not 
unlike  thc^e  which  oc  .ur  in  Alphem. 

Of  Eupagurus, Mayer  (5)  states  that  the  mesodern  arises  fron 
the  upper  coll"  of  the  anterior  half  of  the  gas t rula, cons i dered 
as  eotoderm,and  thence  extends  forwards.  The  ondoderm  originates 
fron  the  hot  to.!  f   he  gastrula,  and  .ppe  rs  l',ter  as"nuolei"in 
the  yolk, 
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"^he  oarly  stages  of  Mysi   ohame  loo  ,  re  oently  studioJ  by 
Nu^baum  (26),  pre  p;  ont  ^oiue  point'  of  intercut,  '/ho  ^ognontat  i  on 
is  .le^oblas  ti  o,as  in  On  i  sou  .   lu  tbe  younge-t  '^tage  ho    found, 
there  was  a  oi  r  oular,  bl  is  toderiui  o  disc,   Tbe  ogg  is   urrounded 
by  a  delicate  homogeneous  laenbrane  (proba  ly  the  chorion), 
The  disc  spreads, and  forms  a  delicate  blastodermic  layer  over 
the  whole  surface,  "This    is  very  thin  on  the  dorsal  and  hiterf.l 
P"j.ts,but  on  xhe  ventral  side  it  is  thickened.  The  disc  now  di- 
vi'Ies  into  three  parts, an  unpaired  median  and  two  lateral  por- 
tions,  T]ie  lateral  thickenings  represent  the  primitive  ventral 
barids,   These  grow  forward, making  an  obtuse  angle  with  the  ued- 
ian  unpaired  pro ces s , whi oh  is  the  rudiment  of  the  abdonen, 

Their  enlarged  ends  represent  the  optic  thi okenings, and  the 
naupliar  apj;iendages  soon  make  their  appear  noe   long  these  bands, 

^he  disc  when  first  se on, cons i^ t^  of  fine  granular  p.o toplasn, 
and  has  :    1  rge  nucleus, the  segmentation  nucleus, imbedded  in  it. 

In  rhe  Srd,  stage  observed, the  formative  plasma  has  become 

differentiated  into  :wo  layers, an  outer  striated  one  in  which 

only   one   nucleus   was    ob"?  e  rved,  and   an    in    er   granular    stratum. 
Che    single    oxtornal    nucleus    divides    ani,    gives    rie    to    a 

small    blastodermic   di  s  c,  oompo' ed   of   a    single    layer   of   hexagonal 
eel  Is. . 


Further, the   nuclei    and   protoplasm  of    the    inner    layer   give 
rise    to    a    small   mass    of    oelJo,ind    ilso    reooive   aooossion      from 
the    di'c,  The    oaudal    pi:- te, which   is    developed    from  the   Mid- 

dle  part    of    the    latter?  is    composed   of   several    layers    of    cells 
and    is    o 9-v o"r 6 d   by  a    transverse    furrowi    The    cqII^j    below   thi^    fur 
row, are    the   products    of    the    division    of    superficial    cells. 
They   divide    jU'^  rgoti  oa  11  y   and   most    of    them  sink   into    the   yolk,anc 
probably   take   no    py.rt    in    forming   the    endoderm,    The    endodL&r^^tl  I 
"    appears    to   arise    independently    from  a    definite    part    of      the 
bias t oderu, when    the    latter    surrounds    the  whole    eggi" 

"   Le   nesoderii  se    devloppe   sur      toute   la    longueur   de   deux 
uoi  tie's    e'paissies    de    la   bandeletto   vontrale|-entre    lo    d  is  quo 
caudal    ot    los    9  largi  s  sement">    ant6ri  eurs,  que   nous    avons    appeles 
optiques  "    ,  "Les    cellule   monoderiaique-;    !e 

foment    par    la    division    des    cellule':    de    I'eotoderrae    prinitif   dans 
la    direction    transversale    et    1 ongi tudinale    (o'est    -a    -dire    tang 
ent^    on.  rayonn^e),    on,  encore    di  re  ct  eraon  tj  par    los    cellules    ooto- 
dermiques    totales,qui    s'enfoncent    sou^    forme    de    coin      au-des    ou:. 
du    feuillet   oxtorne"    . 

Lon    collulor    du   mo    oderme      "    trouvent    exclun  i  vem'^nt    au-des^ou 
de      bord      epais    i      de    la   bandelette   vontrale. 


Ainsi    le   u6^  otleri      a   une    origins   pairo    ot    sc    foriio    par    la 
division    ties    cellules    eotoderiniques    'jur    lo      bord      epaisi      de    la 
bandelotto    vintralo", 

In    the   nauplius    phase    the   mesoderu  forus    threo    paired   liasno    i 
or   .olid   :egiient"i      The    yolk   cell     whi  oh  migrate    fron  the    ventr- 
al   platOjabsorb    the    dentoplasii,  and   appe-ir    to    alter    its    oherdoal 
natnrOjand   finally  to   dissolvOi   We    thus   have    eventually   in  Mys i s 
what    obtains    in    decapods    general  ly,  although    the    original    prooes-^ 
is    altered   by   the   groat    secondary   change  which    the   gastrula   has 
undergone    in   this    oasOi 

II    lertain    inse    ts,the    invaginated   eUoderm  is    separated   off 
to    form  the   laesoderii,  (23,     )  This    rudinent    then   splits    into    two 
bands    along   the    line   of   the  "bias topore". After   this    solid     ouite 
are    fori^ed,         In    regard    t  o  the    origin    of   en^  odern   there    is    los 
agreenent   a.  ong   observer s,  but    the    colls    reioaining    in    the.yo:lk, 
generally   take    a   more    or    less    important    part    in    this    layeri 

Arachnids    resemble    inreot"    in    re-peot    to    formation    of  meso- 
derm. The    first    trace    of    ^he    embryojor    primitive    cumulus, is 
forned   in  Agelaena    (20)    fron  the    blastema   and   the    products    of 
the    first    nucleus,    The    latter   migrate    from   the    interior    to      the 
surface    of    the    egg, and   join    the    blastema    or   pretoplasru o    oUp, 


Tlie  ounuluB  pmy  appear  before  (23), or  i-fter  tlio  bla  s  todena, 
The  mesoderu  is  derived  fro;:  cells  of  tlie  cunulus.  It  takes   the 
forn  of  two  bands, which  segment  into  the  soniteR,  According  to 
Balfour  17), this  layer  also  receives   aooession   from  the  yolk 
cells,  In  Julu'  t  er  re^' t  r  i  ^^  there  are 

many  resemblances  to  spider   in  the  early  stages,  Heathoote  (12) 
finds  in  the  yolk  of  this  myriapod, nuclei ,whi ch  he  suppose   ro- 
pre  ent  endoderm,  A  keel  or  ventral  plate  is  formed, simi lar  to 
the  cumulus  of  arachni ds , and  recalls  the  blastodermic  disc   of 
MyM   and  the  germinal  eminence  of  Isopods  (0ni,;0u  (l)Oyraothoa  (6"  , 
It  is  due  to  a  thickening  of  the  blastoderm  at  a  given  point, and 
to  yolk  cellsjwhich  migrate  thither, from  the  interior, 

This  author  speaks  of  the  blastoderm  as  the  "e  otoderrrf' ,whi  eh 
confuses  hi"  acoount,   The  mesoderm  is  fomed  froii  the  ke  Ijand 
splits  into  two  layers, which  grow  around  the  yolk, and  later   be- 
come differentiated  into  two  bands,  These  are  afterwards   con- 
sti-t*ted  into  solid  somites, 

In  Peripatus  ^eapSsis  the  relations  are  considerably  altered. 
Segmentation  is  complete  but  unequal;  the  blastopore  persi.'^t'', 
according  to  Sedgwick  (17)  and  gives  rise  to  the  mouth  and  anus. 
The  gastrula  enlarges  in  the  direction  of  the  long  axis  of  the 


eiubryoi  t-btHi — boooining   opi  boli-o.;  and    the    oavity   of    invagination 
gives    rise    to    tlie   iiieRonteron,      The    priiuitive    Rtroak      dcvi  lops 
behind    the   bias topore, and    is    due    to    the   growth    of   indifferent 
oells,      The   mesoderra  grown    forward   f.on  the^oell   mass   "as    two 
vent  ro- la  te  ral    bfi.ndsjone    on    e-ioh   side    of    the    blastopore"    • 
We    have      in      certain    orustaoea    (Sahi zopods , Isopods )    in  Myriapods 
(lulu^    )j  in    spider'  -and   probably     also   Limulur|(14)    a   mass    of 
eiabryonio    lel's    oaiied   by   various    names  jwhi  oh    in   all    oases      re- 
pro'^ont    the    first    traoe    of    the    embryoi    It    is    derived      either 
from  the   nucleus    and    formative    protoplasm  which    separates    at 
once    from  the    yolkjor    from  the    products    of    the   nucleus ,whi oh  mig- 
rate   to   a    given   point    at    the    surface    (in    some    oases    to   a    blaste- 
ma),either   before    or   after   a   blastoderm  is    fonied, 

The    mesoderm,    in  whole    or    in   part,    originates    in    a    si!:ilar 
.;anner    in   all   these    fori^s   and   split'?    into    two   bands, which  are 
usually      t    once    divi'lo-'    up    into    somites,    Ther*^    i-    l'^  i      lar    tj 

dn   the    origin   of   endoderm, since    this    depend^    largely  upon   the 
disposition    and    relations    of   tha    food   yolk,    It    is    probable    that 
in   all    these    case    , as   well    ^s    in  Tra oheatcs ,wc  havo    to    do  with 
a   modified   gastrula. 

The  Arthropods    ^:how  pretty  general   agreement    in    the    forijat4oii 


of    tlie    s  troumdaeura  i-nd   pr  oot  oJ''.  euin  ■    In    deoi.poils    the    a  toi'nilieui '. 
(with    soi'G    n  xo  ■  pt  i  on  ^  J  per  haps )   ap;^'0  ifs    in    f"o'if    ■>  f    ;  ii  f    bln-^to- 
-)'re    ind   before    tho    invagination    of   the   hind-gut,    In    tracheatos 
(23)    the    f!  t  oioadaenii  is    also    forced    first,    Thi  ■    i      true    o^   :'yria 
pod^;     (Inl"i    ^jinrl    Trchnirl:?     (20), 

"While    in   ga's  trulationi  and   in    the    devel  opiaent    of  mesoderii  j 
anil    the    formation    <:  f    the    oesiphageal      nd      n    1    invn.glTia  tio'is  j  ther(! 
arc    those    striking    siin  lari  t  i  es  j  yet   laany   of    the:a  .lay   be   uni  iport* 
antjand   in    establishing   re  lati  onshi  p'^  i  al  1    charTOters    both   e."ibry- 
oni  c   and   adult    !'mst    of    course    be    oonsiderod,    A     Balfour    pointed 
outj  'he   Traohoates    se.ia  to    'jccupy  middle    ground    between    the   Oru'? 
taoea    on    the    one   handiand   the   Arachnids    on    the    other, 
The    rolietion??    '^  f  Peripatu^    to    'he   Arthi-np    d    -i^ylun  a^e    not    jq- 
clearly  raide    out. 


1;  XWt    ir^  ,.,>       ill. 

In  Alpheus    tho    gorsiogon    lio:?    on    tlie   ;iuliin    lateri.l    side 
of    on.  oil    ovirim    lobejwhilo    in  Hoinrus    it    occupies    tho    '■•.."ntral  i 
■ixial    port  ion,  and   in  Paliuunig    there    i  s    a   gorn  a,-o      foi-    G    oh      • .  i 
P'l't.'ieii-       •      ^10    ovaryi  The    ovtii'J   originates    in  Ho.iarns    and 

Palinunls    frO!'  nuclei   which  are    i!>ibedd'5il   in   a    ooi'ok  '^'Varian 
M:    .1,      In    '5'".  e    dooapods,pos    ibly    in  Aljheu    joaoh    ogg  ari.'^iOT 
froi'i  1.    distinct    follicular    oelljwith   nuleus    and    body  wall, 

The    nuj'iber    of   ger.'iinal    dots    varies   with    different   gennra, 
In  Hoinrus    there    is    a    single    one,  pi  a  cod   always    at    tho    poriphory 
of   tho    v  s  i  ol '>  ,whi  r^    in    both  Alplieus    and  Pilinurus    ther'^    a^-e    s-^v 

A  zone      of    coi.gul    ble   la  tter    is    soon    differentiated 
about    'he   nucl  ous ,  dn  .  i  i  ne  d    to    beooiue    -he    gerninal    vesicle    of    tli'= 
f^d    Cllonarus ),  and    represents    the    rudirientary   yolk, 

■-gain   a    1-yer    of   epitheliuja  is    organized   about    this, and   be- 
ooines    th'^      "^  ^■.    or    follicle,    Betwen    this    yolk  and    follicu"-r    -o  - 1 
■I.      hitenous   jneiibrane,  the    futurf^    ohori  on,  appears    in   ovarian    Q^f^^i 
d^ub-felo    -  'i    seorotion   product    of    ihe    follicle    eel!"?. 

In    the    I'latur*^    ov'i  i   *ho   v^^i^le  fn    ornhosed,  'O    i      + 

beoij'ie    invisible    under    the   usual    oondi  ti  ons ,  but    reap^t  ftor 

th-:      gg   iH    laidjovn    if    :  •^.  r  t  i  1  ^  za  t '  on    is    not    -  \ 


1)6 


i-al. 


Tho    f'lrtilo    ogg   i  ■?    onvilopofl    by  a    sin/^lo    I'loi'ibrano,  tho    oIiorioM 

: :    ",he  1  Ijwhi  oh    closely    invent;    tKn    yolk, 

2. 

In  Alpheu  -    piinu.,    egijontation    i -s    direct    and   at    fir^t 

'  iv~  ivolve    llie    d(3utoplaf3!'i,    Tliero    ro;ult<    by  a    kind    of    free 

0  11    fofiaationj '■'r    endogenous    divi  ■?  io^j '^  eve  ral    large   !'  of 
pii'o    jwliioli   are    di-^tributod   ovnly    througk    t'le    cfjf^jand   about    th^ia 

the    yolk   s  e:'^:!ent  ^,  ^h-^       .pta    botw     n      'v^    ^  Jn 'j  t  o.  "ii"'^  ■      ay  p" 'i 
d:    ->    into    the    vitelluR,  Before   a   blastodersa      i 

for.jed  the  ogg  i;  filled  w' th  large  granular  nuclei, which  are 
undoiibtedly  dis  offld  ^  > ,  iiore  or  lo  di  tin  ot  ly^  from  .he  ;poro  . 
ju    t   nenti  onedi 

3:  In   all    other    ipeci'^^    of  Alpkeu        tudiea,rhG 

fir-t    nuclei!  i    ..ndorgoe  <    a    '5pindle   jaeta;  lorphc?  i  ■^    in    the    centre    of 
the  Qgs  I  Ea  ch   product    oon^ist'?   of  a      lirge   gr 'nul        y.ncleiis  ,wi  th 
perinu-^lear   protoplasm,  whi  r:^     '-    drawn    out    i-i'^    ..oy-i'i-^     .,.,-.., 
'"^a  J  1     'nt;    J  itward,  i;'ipelled  probably  centrifugal 

force,  ('3  si    ted   po^-i'}ly    'jy  aiaoe'joid    loooja  t'    n),and    it    the   4th. 

1  eg  '"in  t  a  I  1  on    nha  "le  j  W^  in    16,'nnl'ii     n,  r  o     fo      ■■r1.tli'">    yolk    iHt''   'it 
iuporf  i  0  I  al  ly   around   e'ioh,to    f  orji  pyra 'li  ds,  of    the 
lat  ler    do    u'  .      each    ^                                   "     '                   ,  .    .     .  , 


.,M    .l1 


.,  r 


li    tanoe    b   1  ow   tto    Turfanoi 

4, 

In   Pontonia    (.io."!e3tioa    sogjiontiti  on    take'^    pi  1,09    'T    in  Al  _'.  ' 

II    ,      M.   Stenoyiu;    lii  ■  :ii  dus  spi  (? )   wlien   8   i.U'ilei    are    f  OD'Oflj  tlio    vi '.  ^ 

:  M  vjile'':    at    tlio    ^urfaoo    by   "uil  oi ,  into    t  lie    *a;>io   nu-'bor    of 

.    ,        I  Pa  He. 'Onet  OS    anrl  Hippa    '    ■;  i     'lar    ^irooe         ■.^t■1''!    , 

■ill    Tliglit    ;  locli  f  i  cati  om,  "lie    Tegi'i.ontati  on    in      all 

■.ae'       "-^  •  .    J  in  nludinjj  Alplieu'ji-    at    fint    in    tlie    interior    of    the 

'l^^jbut    ov.intnally   in    thei'i  all>a    oent  re  1  0  oi  tlial      ondition    i^    at- 


ained. 
5, 


w/UiiL 


The   yolk    cells    or    pyra.'iids    .'multiply  by  goo.  j-j  i  r  i  oal 

on  >  and    for    n    ti.'-se    their   nu.'iber^    increa'^e   4^ — ■ v  '■  ■■ — L 

'2         "  11    ,    I'ho    ogjj   ii    radially   lyi'DOt  ri  oal , 


C*^ !      '^ '  T        on    ^h"^^    ii.5  ,-nn,i      a  ooel  orated    over 
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PLATE.  1. 

Fig.  1, 

Snrfaceviow   of   eg.rj   of  Hippa    ta  Ipoi  des  j  wi  th   about 

82i  f^egmont  <!    o"f-yolk  pyramids. 

Fig.  2, 

Rnrface    view  of   egs    o  *"  liipira    talpoi  des  j '-liowing    tlie 
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Fig.  3. 
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rig.4 
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ection   of  eS;i   of  Palae   nonetes    vulgaris    ,  "howing 
the   nuclen'^    and   tho    baso    of   i.    yolk  pyr   mi  d. 

,  porulating    cells    fr  in  egg    o  f  A,    ninn% 

Section    of   egg   o'"  ^^  nia      domestioa,    before 

segnentation    of   yolk;    4,    separ-ito   nncloi    and    two 
in   process    of   divi^'^ion,    One    of   the    later    is    in 
th      last    phase    of   karyokine s i -•, 

Nueleu     of   egg   of  Alpheu-;    of    --ame    stage   as   Fig,  9, 
in    karyokines  i  s, 

Section    o*"   et^r   of  A,  minu  ■  j  be  f  or  e    the    bla'^' toderm 
i  ^^    defined, 

-'uclou     Xj~ig.  9,  ,  greatly  onlar'^ed, 


PI:'. te.  5,  PI"  to    .  5.  ri'<.to.  5, 

Fig.  31 

Sootion    of    the    yolk  pyraiaids    of  AlpheuR    of    the 

f'ame   phase    as    that    shown    in   Fifj,  15, 

Portion    of   transverse    "^oction    of   eg{^   naupliu-^jto 

illustrate      endogenous    cell    division, 

'  i:T>  33. 

Oell"  in  yolk  above  the  ■'a me  -^iibryo, 

?ig.  34 

Part    of    section    through   siiailar    eiibryo    of  another 

specie^  J  to    -hi  w   y'lk    cell';   which   laigrate    to    the 
surfacejand   become    tr'^.nsf orned   into    epitholiujii 
rig,  35,         Part    of   transverse    section    of   enbryo   with    eye    pig- 
ment   for.-'ing    to    ^how  bio   d    orpuT  cle  ;. 


Fig.    36. 


Portion    ff   longitudinal    se  cti  on,  opp-:  s  i  te    embry:', 
f   a    ^ihase  with    4--6   po^^t    naupliar    '^^  end  ge  s  j  to 
showapre    division*    of   'uperfioipl    cells, 


Plato.  6, 

^lato.6. 


^art  of  section   f  e^g  boioro  gas t rulat i on. 

-^i--^.  38--44, 

Consecutive    -^eotion^    of     ame    eg;-, to    show  nifrration 
of    celh    of   blastoderm  into    the   yilk, 

rig.  45. 

Section  through  same  egfcj  drawn  with  uore  detail. 

:ir;.  46, 

Section  of  eg-  of  another  species, in  -imilar  sta(je 

:'ir.  47, 

Purface  view  of  germinal    disc   of   the    egc   illustrat- 
ed    by  "igs.  37—45. 

Mr;.  48 

Tan^'ential    section    of    ^'ame    egg. 


?LMm.    7, 

i  ■..49--55. 

rSerio?    of    transverpo      ^'ction      of    tlie    eg/];- 

;^a'' trull, 

I'ir%55,  tlie   most    ant  eri  or  j  cut'?    tlie   .^ori'un 

al      disc    (G.D.  j 

Fifjs.SO.     Gl.    are    drawn   v/itli   a   tirjher   po-^Ter    to 

j^ive    tlie    details. 


PL\TE,  8. 


'i;-.  57, 

rJoot'on    thronj^t    t^  e    or     and    [•orninal    disojju   t 
prior    to   fja"?  t  rulat  ion!    20 /s-  hours    '"Icier    than    the 
yolk  pyr^'iuid   phase    r  epr '^  ■'onted    in   Tif^,  15, 

■;,--'.  56.  59,  60^ 

Longitudinal    '5eotion'^    throufjh   tii'    embryo, 
The      ection    in   T'ijj,  59,     !      nearly  median. 


i/rc^.    61,  62   18,  l9 


PLATTE.  9. 


'ran'ver  "6  "  0  cti  O'l "    thronfjli   e"" '''   v:"    i 


-.  63, 


J  irj,  58, 

Portion    of   laedian    1  on/^i  tudinal    section    of    ^fine 


.-■^.  64- U7. 


Oonsecutivo    trani'ver'o    -^ction      of    left    optic 


di'^o    of   tlie    "amei 


PLA'jT,.  10, 

riff.  72. 

uurfaoo   viow  of  oiibryo   and   og.rji 

Optio    disos    more    than    one    ogH    thick)  and   united 

by    cords    of    cell-    to   abdoiainal    plnte    (Ab,?,  ). 

Fiffs.    70-71,73.  /4  &   .5    (Plate.ll.  ) 


Horios    of    longitudinal    ■'oction'^    through    tlii 
embryo, 


^ig.  75 


.76,  83 


Fig,  84, 


rir.  85, 


^LYTE.  11. 

Median    longitudinal    "section    of   embryo    repro^ented 
in  7")  g.  72, 

Oon   eontive    transveiRO    "oction'    of   left    optic 
di'!ios    of    "aiae    jof  whi  cli   ?ig.  83,     '  ■'    the   no^t   po-t- 
po   teriorjand    cut-^    tlie    region   of    tlie    fir"t   ante^i    <i 
The^'o    "how   the    firnt    ■^tep   in    the    thickening   of    the 
di^;c   ,by  ifligration    of    cell"^    from  the     "iirfaco. 

Tran:? veri^o    "cction'    through   the    optic   di';o:,and 
entire    egTi 

'"rans ver .'3  0     'cotion   of    the    abdominal    pl>te,in    fro'it 
of    fhe    primitive    .iouth, which   jias    disappoTred, 
^'his    -jtow"    cell-   migrating    fro;i  the    -surface    -^.t 
'  It  i  ?    11 0  i  n  1 1 


PLATE, 12. 


'Ifj^.  88-90. 


:^ifT.  86, 


:^iS.  87 


^^-.91. 


Lonjji  tndinal    f^eotioQ"    throu(jli  an    enbry"    "    laewkat 
■>lcl9r      tlian    tliat    sliown    in   ri|;j,72,      ^.1iq    rudiment" 
of   the    appondn.gos    ap^'O 'r j    nd    in   ri/^,90,     the    0;itio 
di  so    (O.ll.  )    i  -    mt. 

Lonjji  tudinal    -^eotion    throujjh   tie    optic   di  ^  o   of  an 
egf^   6  hours    oldeijfrora  the    !?arae    fenaloi 

-ro.'   the    sa.iG    G/jf^j  involvin.^    the    inner    border    of 
the    optio   disc,  and   the    outer    ed|jo    of    the    abdominal 
pl-'te.      Yolk    cells    are   h^r'^    s  *"   n,-'      in    the    proviou 
figure  "I  j'ugratin/;   to   all   p-^j-ts    of   the    eiibryo   and 

*^ron  an   e^"-    12  hours      r:lcler>fron  the    sa;!e    f-.'^lo. 
TrnsvorRO        ootion    through    optio   di ':  c     and    egfji 
These    arc   now  united   by  a    solid    oorl    C.O   .  ),    n 
have   increased    considerably  in    thioknes", 
Some  wandering    oells    (Y.    '    )    have    roachod   the    .>xtra 
onbryonic    surface    of    the    egg, 


PLA^'T^,  18. 


iir- 


93 


uurfaoo   viow   of   embryo  wi  tli    rudimontn    of  8   pain 
of   appendigos,    "^"lio    eternal    •  r  o      if?    oovorod   by    • 
single    liyor    of    oe  1  Isi 

"^lio    oo'ophigu??    ^nd     bcloimml    fold  li've   not   yet 
appe  1  red, 

'"ho    ^re      of  imiltipolar    invagination    or    tniokenirig 
of    tlie    optio   disosji"    marked   by   1'^  rfje  >  f^r   nul    r 
cells.    (O.ll  ).. 
Fifjs.  92-94.  95, 

■TransTerne    :  ootion'    throufjli   t^ie    -^ame    embryo, 

rin^,  92,     '^howi    the    abdominal   plate, -.nd   Ti/js,  94.  &95.  , 

tlie    opti  0   di  '^  o, 


PLA^i^E.  14. 


'rirr.  96.  97 


Longitudinal    f^eotion'^    throu/jh    t'le    oinbryo    'le'-n 

in   rif^i93,  Spore      and    ■^norulatin/^    oo  1  1  t    now 

make    their    appear   nooi 

:i.'T^.  98-100. 

Longitudinal  J -serial    section    througli   an    embryo 

6  hour?!    older    than    that      represented   in   Tig,  93,  , 

from  the    ^aue    prawn, 

"The    st oiiad'^. euu  is    beginning    to    for.:?  a?    ^e-n    in    the 

.lodian    '5eotion    (rig,  98,  "td,  ). 

■^'he    iiG'^odern  i"    organized   into   a    definite    layer 

(IIo  ■=!,),  and   the    fold??    of   the    appendages?     vre  well 

deve  1  oped, 

nporul-ting    coll:?    (",  0,  )    are    vory    oomiion, 


PLATE.  15, 

rig..  101  -106, 

ivo      orial    ,  1  onrji  tndi  nal    neotion'!    of   enrly 

niuplius    embryo,     (12        houra    -^Ider    th^.n    1      t.) 

Tlie    i-bdoiainil    fold    is   now  being    Toparatodj  liy  a 

transverse    oloft    in    the    eotoderm  of    ^'h.Q    abdoiiinal 

plate    (Ab,  0,  ),      Do  laiiinating    cells    arc    soon    in    tlio 

optio   disosjand   spore    foriiation    is    .nill    prevalonti 


Fig.  107, 


Vir, 106 


Tir,.  108. 


Transverse      eotion   througk   optio   di^ojfrom   'imil- 
ar   egg. 

Longitudinal      I'ledian    section    of   ei'ibryo j  }lder    by 
several    hours    than    the    lastj showing    the    abdominal 
oleft   and   fold, we  11    ilevelope'l. 
The    oesophagus    i  ■;      till    a   nearly   straight    tubelutd) 

Longitudinal    seotion    from  the    lame    scric      as    the 
last,  to    -^how  the    relations    of   the    oiibryo    t'    'ho 
egg, and   also    the      di '^  tri  but  i  on    of      the    yolk    oelliS, 


rig.  100 

uurfaoe   view  of  og;';j-n{iEplius, 

ri';,  110,       niirfaoe    view   of   a    slijjlitly   older    oiubryo,with    1--2 

pairs    of   po?!t   inandi  bi  dular    ^  p^ienr! 'ges  ,wlii  oh   aro 

oonriofl^lcd    by  tlio    abdomon    C^-i'i  )i 

xlg.     li-. 

Efjr^^-nauplius  j[;re4tly   Gnlar;Ted,.A   little    loss    dov- 

loped    tlian    the    one    in   Ti  jj    109,  ,  liut    from  the    .sai-ie 

feml  0, 

rifjs.  102,  103. 

Transverse    and    lon{ji  tudina  1    nedian    section    of 

egg-nauplius    of  a    siaall    shore    or '.bCpo^    i    ly  "e   ar- 

raa    ),  found      t   Bc^^ufortiN,  0.- 


PL ATP: 17 
'iss.  114-1.8. 

Transver^Gj '^  or  i  a  1  -ootion-  of  tlie  ojjjj-naupli' 
u''i  "^"lio  piano  of  section  i?  indioated  by  oorie  ■ 
pondinjj  number",    in  Tifj,  111, 


PL.\^"    18 
-:iQ^^.  119-122. 

Oontiuuatioi!    of   tlie    ?.eri'^-    of  Plate,  17.  i  to 
illu'^trate    ^h.o    struoturo    of    the    ogg  N'lupli  as, 


PLV'O-..  19, 


'ir,^.  123    124 


125. 


i.T.  126, 


:"i;T.127, 


Ooi'jpletion    of    -erip-    of    tran'^vor^o      'Otion 
of   Qg{^  naupliu'^  J  becinni'i/;^   Fi  r,  114,  Plate.  17, 

Longitudinal    section    of    the    ^araojin    thn    planoj 
indi  oated   in   Tig,  111, 

"transverse    'sootion   of  an   embryo   i    little    younger 
tlian   tkat    sliown   in   "ij;,  106,in    tlie    region    of   tlie 
pr  oct  ■"  daeum, 

'^'ransverse    so  otion    of   the    ecs-n^'-uplius   and   er^i'j  in 
the    plane    shown    i:i   Fi/j,  111, 
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